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PLANETARY   PHENOMENA   FOR  MARCH  AND 

APRIL,  1905. 


By  Malcolm  McNeill. 


PHASES   OF   THE   MOON,    PACIFIC   TIME. 


New  Moon,  March    5,  9**  19" p.m. 

First  Quarter,    **     14,  i    o  a.m. 

Full  Moon,        **     20,  8  56  p.m. 

Last  Quarter,     **     27,  i  35  p.m. 


New  Moon,    April   4,  3*  23"  p.m. 

First  Quarter,    **     12,  i  41    p.m. 

Full  Moon,         **      19,  5  38  A.M. 

Last  Quarter,    **     26,  3   14  a.m. 


The  Sun  crosses  the  equator  from  south  to  north  and  the 
vernal  equinox  occurs  about  11  p.m.  March  20th,  Pacific  time. 

The  second  eclipse  of  the  year  occurs  on  March  5th,  and 
is  an  annular  eclipse  of  the  Sun.  No  portion  of  it  will  be  visible 
in  the  United  States.  The  path  of  the  central  eclipse  lies  in  the 
Southern  Ocean,  and  the  only  large  island  crossed  is  Australia. 

Mercury  is  a  morning  star  at  the  beginning  of  March,  too 
close  to  the  Sun  to  be  seen.  It  comes  to  conjunction  on  March 
9th  and  becomes  an  evening  star,  but  does  not  get  far  enough 
away  from  the  Sun  to  be  seen  in  the  evening  twilight  until  the 
last  ten  days  of  the  month.  From  about  March  20th  until 
the  middle  of  April  it  remains  above  the  horizon  an  hour  or 
more  after  sunset,  and  may  be  seen  under  good  weather  condi- 
tions in  the  evening  twilight  near  the  western  horizon.  It 
reaches  its  greatest  eastern  elongation,  19°,  on  April  4th,  and 
then  sets  considerably  more  than  an  hour  and  a  half  after 
the  Sun.  The  few  days  about  this  time  afford  the  best  oppor- 
tunity of  the  year  for  seeing  this  planet.  The  number  of  days 
during  which  it  may  be  easily  seen  is  not  as  great  as  it  is  at 
other  times,  as  the  elongation  is  at  best  not  up  to  the  average, 
since  the  planet  passes  perihelion  only  nine  days  before  greatest 
elongation,  and  its  motion  in  space  is  most  rapid  when  at 
perihelion.  It  comes  to  inferior  conjunction  with  the  Sun 
on  April  23d  and  will  for  the  following  two  months  be  a 
morning  star. 

Venus  will  still  remain  an  evening  star  until  April  27th. 
It  then  passes  inferior  conjunction  with  the  Sun  and  becomes 
a  morning  star.  On  March  ist  it  sets  nearly  four  hours  after 
sunset.  The  interval  shortens  up  about  an  hour  during  March 
and  diminishes  still  more  rapidly  in  April,  but  does  not  get 
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I  below  one  hour  until  nearly  April  2olh.     However,  the  planet 
I  may  be  seen  until  within  a  very  few  Jays  of  conjunction  on  ac- 
count of  its  nearness  to  us  and  consequent  brightness.    The  time 
of  maximum  brilliancy  comes  about  half-way  between  greatest 
Y  elongalion  and  inferior  conjunction,  on  March  21st,  and  for 
L  a  number  of  weeks  the  planet  is  bright  enough  to  be  seen  in 
I  full  daylight.    It  will  not  be  very  easy  to  find  it  while  the  Sun 
i  up,  unless  one  knows  just  where  to  look  for  it,  but  it  is 
I  fairly  conspicuous  when  once  found. 

Mars  as  it  draws  near  its  opposition  in  May  becomes  more 

I  and  more  prominent.     It  rises  at  about  1 1  rjo  p.m.  on  March 

1 1st,  at  about  10  p.m.  on  April  ist,  and  before  8  p.m.  at  the 

liend  of  the  month.    During  the  two-months   period  its  distance 

L  diminishes  from  ninety-two  to  fifty-two  millions  of  miles,  and 

I. there  will  be  in  consequence  more  than  a  threefold  increase 

■  in  brightness.     It  will  be  by  far  the  most  conspicuous  object 

I  in  the  southeastern  sky,  just  as  Jupiter  and  Venus  hold  similar 

I  positions  in   the  western   sky   in   the  evenings.     Its   motion 

among  the  stars  during  the  spring  and  summer  months  affords 

a  good  opportunity  for  the  study  of  the  retrograde  motion  of 

z.  planet  near  opposition.     On  March  ist  it  is  in  Libra,  and 

L  during  the  month  it  keeps  up   its  general  eastward  motion, 

I  moving   about    5°    toward   Scorpio.     This   eastward   motion 

r  gradually  ceases,   and   oh   April   2d   it   begins   to   retrograde 

(move  westward).     By  the  end  of  the  month  it  is  back  again 

near  to  the  place  it  occupied  on  March  ist.  about  i'^  south, 

,  This  retrograde  motion  will  last  until  the  middle  of  June,  and 

t  then  the  planet  will  be  about  3°   south  of  the  place  it  held 

[ Among  the  stars  on  February  ist. 

Jupiter  is  still  an  evening  star,  but  the  Sun  is  gradually 
Jovertaking  it  in  their  common  eastward  motion.  It  does  not 
■:set  until  nearly  10  p.m.  on  March  1st,  but  by  the  end  of  .April 
l-tiie  planet  is  nearly  in  conjunction  with  the  Sun  and  sets 
■«bout  ten  minutes  after  sunset.  It  cannot  be  easily  seen  more 
Btiian  a  few  days  after  the  middle  of  April. 

Saturn  is  a  morning  star,  rising  about  half  an  hour  before 
inrise  on  March  1st.    This  interval  increases  to  nearly  three 
I'liours  before  the  end  of  April.     It  moves  about  5°  east  and 
'north  in  the  constellation  Capricorn. 

i'ranus  rises  at  about  3  a.m.  on  March  ist,  and  at  about 


14  Publications  of  the 

1 1  P.M.  on  April  30th.    It  is  nearly  stationary  in  the  constella- 
tion Sagittarius,  and  begins  to  retrograde  on  April  8th. 

Neptune  is  almost  exactly  opposite  Uranus,  rising  when 
the  latter  is  setting,  and  vice  versa.  It  is  in  the  constellation 
Gemini,  and  is  above  the  horizon  while  Uranus  is  below. 


VARIABLE  STAR  NOTES. 


By  Rose  O'Halloran. 


After  an  absence  of  some  years,  the  interesting  maxima  of 
o  Ceti,  or  Mira,  The  Marvelous,  have  at  length  returned  to 
the  evening  sky.  As  only  new  stars  rival  its  range  of  variation, 
from  ninth  to  second  or  third  magnitude,  its  recent  visibility  has 
no  doubt  been  widely  observed.  The  minimum  of  October 
last  was  below  the  average,  and  it  will  be  of  interest  to  note 
if  the  coming  maximum  be  greater  or  less  than  usual.  Six 
observations,  extending  from  October  3d  to  November  5th, 
showed  that  the  companion-star  of  ninth  magnitude  was  about 
two  tenths  brighter  than  Mira.  On  November  8th  a  hazy 
reddish  aspect  was  noticeable  in  the  variable,  and,  though  the 
companion  was  more  sharply  defined,  they  seemed  of  equal 
brightness. 

The  magnitudes  of  adjacent  stars  given  in  a  chart  of  the 
Durchmnstcrung  were  used  for  comparison  during  the  subse- 
quent rise  to  visibility. 
1904. 

Of  8.8  magnitude. 

Of  8.5  magnitude. 

Of  8th  magnitude. 

Of  y.7  magnitude. 


Nov. 

27. 

Dec. 

2. 

Dec. 

16. 

Dec. 

24. 

1905. 

Jan. 

I. 

Jan. 

3- 

Jan. 

10. 

About  jYz  magnitude.    It  is  reddish  and  visible  in 
an  opera-glass. 

7.3  magnitude.    Dimmer  than  71  Ceti. 

Greatly    increased    i  1    brightness.     Brighter    than 
71  Ceti,  and  nearly  as  bright  as  70  Ceti.     Prob- 
ably of  6th  magnitude. 
Jan.     17.     Brighter  than  67  or  69  Ceti,  classed  as  5.5.     Less 

than  5"  Ceti. 
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4.     . .  ^-y^ 


^<A«M« 


<?• 

Vicinity  of  Y  Cassiopeia, 

Y  CassiopeicB. 

In  contrast  to  o  C^/i  is  F  Cassiopeia,  known  but  a  few  years, 

and  ranging  f rom^  less  than  9th  magnitude  to  13th  in  a  period 

not    yet    ver>'    accurately    ascertained.      A    recent    maximum 

observed  as  follows  does  not  accord  with  prediction : — 
1904. 

Sept.    2.     Of  about  nth  magnitude.    Brighter  than  k,  classed 

as  1 1.3. 

Sept.    6.     Some  steps  brighter  but  less  than  h  of  10.4  magni- 
tude. 

Sept.  12  to  18.     Not  noticeably  increased. 

Oct.     3.     Brighter  than  h,  less  than  g. 

Oct.  II.     Equals  g.     Brighter  than  h, 

Oct.  16.     Brighter  than  g.    Equals  e, 

Oct.  19.     Unchanged. 

Oct.  28.     Brighter  than  e,  less  than  c  or  rf. 

Oct.  30.     About  midway  between  c  and  d, 

Nov.    2.     Equals  c.    Night  very  clear. 

Nov.    5,  7,  8.     The  same. 

Nov.  12.     Some  steps  brighter  than  c. 

Nov.  15.     Slightly  decreased,  but  still  brighter  than  c. 

Nov.  2y,     Less  than  c.     Equate  e, 

Dec.     3.     Less  than  c.    Equals  /.    Brighter  than  g. 

In  the  accompanying  map  the  variable  is  inclosed 
in  a  circle. 
San  Francisco,  January  19,  1905. 
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ASTRONOMICAL   OBSERVATIONS    IN    1904. 


Made  by  Torvald  Kohl,  at  Odder,  Denmark. 


Variable  Stars. 
Z  Cygni. 

c  •^ 

« 


<>     J     « 

^      rt      ys 

.y» 

Jan. 

17 

:    Z  <e. 

July     7 

;     -b'. 

Feb. 

15 

invisible 

19 

:     -b. 

Apr. 

12 
19 

:     <e. 
:     id. 

Aug.    3 

.  (<c. 
•t>d. 

May 

7 

:     -d. 

13 

:          c. 

13 

:          c. 

30 

:     —  e. 

19 

:     -b. 

Sept.  1 1 : 

:     a  little  <  c. 

June 

4 

:     id. 

Oct.     9 

:     <e. 

f>b. 
1  <a. 

Nov.    6: 

id. 

17; 

Dec.  17: 

invisible,  C 

27 

:     <e. 

■S"  Ursa 

majoris* 

Jan. 

17: 

s    g. 

Aug.    3 

:     -f. 

Feb. 

15: 

<g. 

.13 

:     =g- 

22: 

invisible,  C 

22 

:    invisible,  C 

Mar. 

2: 

id. 

28 

•    r-^- 

12' 

:     -f. 

31 

:    invisible. 

28; 

3  steps  <  e. 

Sept.   4 : 

:     <g- 

Apr. 

2: 

I  step  <  e. 

10 

:     id. 

12: 

e. 

16 

invisible. 

19; 

I  step  <  d. 

27 

:     id. 

Mav 

7: 

2  steps  >  d. 

Oct.     5: 

II  mag. 

13; 

:     id. 

9 

:    id. 

19: 

3  steps  <  b. 

II 

:    id. 

June 

4: 

2  steps  <  c. 

Nov.    6 ; 

-f. 

17; 

4  steps  <  c. 

Dec.  17: 

2  steps  <  e. 

July 

7 

:     -d. 

27 

I  step  <  e. 

19: 

2  steps  <  e. 

28: 

:    id. 

*  Vide  the  sketch  in  the  Publications  A.   S.  P.,  No.  73,  page  56. 
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T  UrscB 


Jan. 

17; 

•    J<.g- 

Feb. 

15: 

invisible. 

22  \ 

;     id. 

Mar. 

2: 

id. 

12: 

;    id. 

28: 

:     id. 

Apr. 

2: 

id. 

12: 

:     <&. 

19- 

5  steps  <  g. 

May 

7: 

-d. 

13' 

•l<b. 

19: 

:     -b. 

June 

4 

I  step  >  a. 

17: 

2  steps  >  a. 

July 

7 

:     —  a. 

19: 

:     =b. 

ma j  oris.* 
Aug.    3 

22 
28 


Sept. 


Oct. 


Nov. 
Dec. 


31 

4 
10 

16 

27 

5 

9 
II 

6 

17 
27 

28 


ff^  Pegasi.'f 


Jan.    17 
Feb.    12 

15 

22 
Mar.    2 

Apr.  12 

19 
May  13 

19 


W  I  step  >  g. 

=  e. 
f  >e. 
(  almost  =  d. 

=  d. 

=  c. 

>c. 

3  steps  <  b. 

2  steps  <  b. 

I  step  <  c. 

id. 


i 


June    4 

17 
July     7 

19 
Aug.    3 

13 
Sept.    4 

Oct.     9 

Nov.    6 

Dec.  27 


! 


=  d. 
id. 
=  e. 
<e. 

>f. 
=  f. 

a  little  >  f. 
I  step  <  f . 

invisible,  C 

<g. 
id. 

id. 

invisible. 

id. 

id. 

id. 


=:d. 

id. 

2  steps  <  e. 

<f. 
=  h. 

<h. 

id. 

extremely  faint. 

id. 

a  little  >  g. 


20' 


Y  Tauri, 

This  star  (BD  20°  1083)  has  been  compared  with  A  =  BD 
'  1095,  7™4  and  b  =  BD  20°  1073,  8™.2. 

Apr. 


12 


2:     >  b. 
12:     a  little  >b. 
Dec.  28 :     >  b. 


Jan.    17:  Y  >  b. 

Feb.    15 :  distinctly  >  b. 

22 :  >  b. 

Mar.    2 :  =  A. 

•|  >b. 

Very  seldom  I  have  seen  the  star  fainter  than  b,  as  on  1903, 
Januar>'  19.  when  it  was  estimated  almost  =  c  (BD  20°  1082, 


•  Vide  the  sketch  in  the  Publications  A.  S.  P.,  No.  22,  page  63. 
f  Vide  the  sketch  in  the  Publications  A.  S.  P.,  No.  60,  page  23. 
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8™.5).  If  we  connect  this  minimum  with  the  minima  1898, 
January  22,  and  1899,  April  2,  a  period  of  about  fifteen  months 
will  appear. 


i'i'  Cygni, 


>rs  fyy 


'jti 


.i4> 


^•» 


'^, 


J^ 


Sep.  16.  9P.M.  SS  2steps  >  c. 


17..  8 
18..  8 

19- •  9>^ 
20..  10 

24..  9>^ 

27..  8 


=  c. 
=  c. 
=  c. 

2  steps  >  c. 

id. 

3  steps  >  c. 

=  e. 
a  little  <  f . 


Oct.  5..  9  P.M. 

9..  9 

10..  9 

II..  9 

13..  8 

Nov.  6..  6 

Dec.17.  6 

32..  6 


iVoz/fl  Persei, 


I  step  <  f. 

<f. 

id. 

id. 
id. 

<c. 

>d. 

invisible,  C 
invisible. 

<f. 


{ 


h 

Jan.      19 7  P.M. 

Feb.     15 8/2 

22 7 

March   2 8 

12 8 

April      2 9 

12 gyi 


m 
10.  I 

10.2 

10.  I 

10. I 

lO.O 

9-9 
lO.O 


h  m 

Aug.     13 2  A.M.  10.3 

Sept.     4 10  P.M.  10.4 

10 9  10.4 

Oct.       5 9  II. o 

Nov.      6 8  10. 1 

Dec.     28 Syi  10.4 


The  comparison-stars  have  been  the  stars  in  Georgetown 
College's  Chart  II,  No.  42  (lo^^.i),  og.  No.  49  (ii™.o).  A 
decided  maximum  was  observed  on  April  2d,  a  decided  min- 
imum on  October  5th. 
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Shooting-Stars. 

As  usual,  in  the  period  August  9th- 12th  corresponding 
observations  on  shooting-stars  were  arranged  for  from  stations 
in  Denmark  and  surrounding  countries.  At  six  stations  140 
paths  of  shooting-stars  were  mapped,  but  only  two  proved 
suitable  for  calculation.  These  two  meteors  have  given  the 
following  results: — 


FOR  OBSERVATION. 


No. 

Time. 

Station. 

Beginning. 

Ending. 

2 
I 

2 
2 

Observer. 

I 
2 

h   m     s 
Aug.     9,  10  11  50  P.  M.  j 

Aug.   12,  II  I35OP.  M.| 

Stade .  

Odder 

Sonderburg. . 
Nyborg 

0         0 
46  +  67.5 

292  +  11 

24  +  36 

3+37-5 

0         0 
57+69 
^283-    5 

15  +  30 
346  +  27 

V.  Dohn 
T.  Kohl 
M.  WolflF 
C.  Frost 

FOR  CALCULATION. 


No. 

Beginning. 

Ending 

Real  Length 
of  the  Path. 

Radiant. 

h            \             i^ 

h 

X 

* 

fi 

AR  DecL 

I 

2 

0  ^        0     ^ 
129       29       54  51 
123       06       55   18 

90 
96 

0     ^ 

2  34 
0  40 

0     ^ 
54  34 
54  59 

59 
58 

e               e 

25  +  66 
59  +  47 

h,  and  0  are  expressed  in  kilometers;  A  is  west  longitude  from  Copenhagen; 
^  is  north  latitude;   /t  is  the  altitude  of  the  meteor  above  the  Earth's  surface. 

Odder  and  Nyborg  are  situated  in  Denmark;  Stade  (Hanover)  and  Sonder- 
burg  (Schleswig),  in  Germany. 


DEVELOPMENT  OF  THE  RECENT  LARGE 

SUNSPOT. 


By  Rose  O'Halloran. 


On  the  morning  of  the  loth  of  January  a  spot  of  moderate 
dimensions  was  inside  the  northeast  limb  of  the  Sun,  and  on 
the  morning  following  several  small  companion  spots  were  in 
view.  On  the  12th,  the  foremost,  and  another  some  degrees 
in  the  rear,  had  increased  considerably  in  size.  In  the  fore- 
shortened view  they  were  oval,  connected  by  a  straggling 
penumbral  filament,  and   followed  by  a  smaller  spot.     The 
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foremost  section  was  much  enlarged  on  the  14th  and  the  group 
extended  over  an  area  100,000  miles  in  length.  Clouds 
hindered  observations  on  the  15th,  but  when  observed  on 
the  16th  a  general  enlargement  had  taken  place,  the  central 
section  especially  having  developed  from  the  smallest  into  the 


N. 


$   49f 


E. 


Great  Sunspot. 

January  i6,  1905,  10.40  a.m. 

largest  of  the  three  divisions.  Ten  dark  umbrae  were  distrib- 
uted over  the  penumbral  tracts  which  covered  an  area  123,000 
miles  in  length,  and  30,000  in  width.  The  heliographic  lati- 
tude was  about  eleven  degrees  north.  Between  passing  clouds 
on  the  17th  and  i8th  of  January  it  was  discerned  without 
magnifying  power,  and  in  brief  views  on  a  screen  it  was 
noticeably  decreased.  The  central  development  was  transient, 
both  umbra  and  penumbra  being  reduced  one  half  on  the 
morning  of  the  19th.  The  eastern  half  of  the  disk  also  dis- 
played evidences  of  activity,  though  on  a  much  smaller  scale. 
Hundreds  of  spots  have  appeared  on  the  Sun  since  the  minimum 
in  1902,  but  this  is  only  the  second  of  enormous  extent,  the 
first  of  the  present  maximum  having  occurred  in  October,  1903. 
San  Francisco,  January  19,  1905. 


NOTICES   FROM   THE   LICK   OBSERVATORY.* 


Discovery  or  a  Sixth  Satellite  to  [vpites. 
Part  of  the  programme  of  work  decided  upon  several  years 

ago  for  the  Crossley  refiecior  when  its  new  mounting  should 
be  completed  consisted  of  a  search  for  new  satellites  about 
the  outer  planets. 

The  first  photograph  of  the  region  about  Jupiter  was  ob- 
tained on  December  3d  ant!  others  on  the  8th,  gth.  and  loth. 
A  comparison  of  these  negatives  showed  an  object  of  the  four- 
teenth magnitude  which  was  moving  with  an  apparent  velocity 
among  the  stars  not  very  different  from  that  of  Jupiter.  Jupiter 
was  retrograding  slowly  at  that  time.  The  suspected  object 
was  to  the  westward  and  moving  a  little  faster  than  the  planet. 
From  so  short  an  interval,  however,  it  was  not  possible  to 
decide  whether  the  object  belonged  to  Jupiter  or  was  aa 
asteroid  so  situated  as  to  be  moving  with  nearly  the  same 
apparent  speed  as  the  planet. 

Observations  were  secured  again  on  January  2d,  3d,  and 
4th,  which  showed  the  object  to  be  following  Jupiter  in  sucb 
a  way  as  to  indicate  its  dependence  upon  that  body. 

While  the  observations  are  not  sufficient  to  determine  an 
accurate  orbit  of  the  new  body,  ihey  are  at  a  favorable  part  ot. 
the  orbit  for  testing  its  motion  about  Jupiter.  A  calculation 
shows  that  its  apparent  motion  about  Jupiter  during  the  interval 
covered  by  the  observations  is  approximately  that  which  ft. 
satellite  should  have  at  that  distance  from  Jupiter. 

Its  greatest  elongation  distance  (west)  appears  to  have" 
been  about  50',  and  to  have  been  passed  about  December  z'Sth, 
The  plane  of  its  orbit  seems  to  be  inclined  to  the  ecliptic  at  an 
angle  somewhat  greater  than  is  tlie  orbit-plane  of  the  inner 
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bclliles.  It  is  apparently  moving  in  llie  opposite  dircclioii 
I  the  other  satellites.  Whether  this  retrograde  motion  is 
I  or  only  apparent  cannot  be  lold  until  more  observations 
ive  been  obtained. 
Assuming  its  orbit  to  be  nearly  circular,  its  period  of  revoSu- 
would  be  about  six  months.  Its  real  distance  from  ths 
;i  is  approximately  six  million  miles,  or  about  five  times 
of  the  fourth  satellite. 
The  sixth  satelhie  has  been  estimated  10  be  of  the  four- 
teenth photographic  magnitude.  Visually,  it  is  probably  from 
one  half  a  magnitude  to  a  magnitude  brighter,  or  about  the 
same  brightness  as  Barnard's  fifth  satellite, 

tAs   soon  as   sufficient  observations  have   accumulated   its 
rbit  will  be  determined.     It  is  now  moving  toward  the  planet 
bout   i'  per  day. 
The  last  observation  was  obtained  on  January  28th. 
January  30.  1905.  C,  D.  Pekhine. 

Visual  Observatio.v  of  SATtxLiTE  VI  to  Jupiter, 
Last  Saturday  night,  January  28,  1905,  the  first  opportunity 
resented  itself  to  me  to  look  for  Perrine's  satellite  to  Jupiler 
with  the  36-inch  refractor.  As  the  telescope  had  been  at  the 
disposal  of  the  regular  Saturday-night  visitors  earlier  in  the 
evening,  the  planet  was  already  low  in  the  sky.  The  atmos- 
pheric conditions  also  were  unfavorable,  though  the  sky  was 
clear.  The  satellite  was  picked  up  easily  at  the  first  trial  from 
the  position  predicted  by  the  Crossley  photographs  on  preceding 
lights,  and  in  a  few  minutes'  lime  the  motion  in  Right 
.scension  made  the  identification  certain. 
The  satelUte  was  followed  for  nearly  an  hour,  and  the 
extreme  settings  showed  an  hourly  motion  in  Right  Ascension 
of  about  -I-  20",  which  is  in  good  agreement  with  the  photo- 
,phic  results.  No  attempt  was  made  to  secure  an  absolute 
iition,  as  this  can  be  better  obtained  from  the  (photographic 


^— grai 
^Kosi 


The  bad  seeing  made  magnitude  estimates  very  uncertain, 
but.  from  the  appearance  of  faint  stars  of  known  brightness, 
I  would  say  that  the  satellite  is  about  equal  to  a  fourteenth- 
magnitude  star. 

So  far  as  I  know,  this  is  the  first  time  the  satellite  has  been 
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seen  with  certainty,  though  Professor  Hussey  on  one  night 
early  in  the  month  saw  an  object  near  the  predicted  place  of 
the  satellite.  Clouds  interfered  before  motion  could  be 
observed.  t^    .-    a 

R.  G.  AlTKEN. 
January  30,   1905. 

A  List  of  Nine  Spectroscopic  Binary  Stars. 

The  following  nine  stars  have  been  determined  to  be  spec- 
troscopic binaries,  from  observations  made  with  the  Mills 
spectrograph  attached  to  the  36-inch  equatorial.  As  is  well 
known,  the  presence  of  an  invisible  companion  in  a  star  of  this 
type  is  shown  by  its  gravitational  influence  upon  the  visible 
star,  causing  the  latter  to  revolve  in  an  elliptical  orbit  around 
the  center  of  mass  of  itself  and  the  invisible  companion.  The 
velocity  of  the  visible  star  in  the  line  of  sight  therefore  varies, 
and  the  spectrographic  determination  of  the  velocities  at  all 
points  in  the  orbit  enables  us  to  determine  the  form  of  the  orbit 
and  its  position  in  the  orbit-plane.  The  position  of  the  orbits- 
plane  remains  undetermined. 

Discovered  by 

a  Andromedw Heber  D.  Curtis. 

$  Ceti W.  W.  Campbell. 

y  Gcminorum Keiven  Burns. 

tto  Geminorum Heber  D.  Curtis. 

-q  Bootis Joseph  H.  Moore. 

$  Scrpentis Heber  D.  Curtis. 

{  Lyrce Heber  D.  Curtis. 

T  Sagittarii Heber  D.  Curtis. 

71  Aquilaf Heber  D.  Curtis. 

ttg  Geminorum,  the  brighter  component  of  Castor,  is  of 
special  interest.  Dr.  Curtis  has  secured  about  twenty-five 
plates  of  its  spectrum,  from  which  it  appears  ao  and  the  invisible 
companion  revolve  once  around  in  their  orbits  in  approximately 
9.27  days.  The  fainter  component  of  Castor  (a^)  was  discov- 
ered to  be  a  spectroscopic  binary  in  1896,  by  Dr.  Belopolsky, 
at  Pulkowa,  Russia,  with  a  period  of  2.93  days.  The  system 
of  Castor  therefore  comprises,  so  far  as  known  at  present,  two 
visible  and  two  invisible  stars.  Dr.  Curtis  is  engaged  in  a 
study  of  the  entire  system,  based  upon  our  spectrographic 
observations.     It  may  be  recalled  that  Castor  is  the  double 
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star  first  studied  systematic  ally  by  Sir  William  Herschel, 
and  from  which  he  concluded  that  there  are  systems  of  visual 
binary-  stars,  in  which  the  two  components  are  revolving  around 
their  common  center  of  mass. 

The  number  of  spectroscopic  binaries  thus  far  discovered 
with  the  Mills  spectrograph,  and  announced,  is  fifty-eight,  not 
couniing  those  )_five)  found  by  the  D.  O.  Mills  Expedition  to 
Chile,  nor  the  three  found  by  Dr.  R.  H.  CuBTiss  with  the  one- 
Drism  spectrograph.  W.  \V.  Campbell. 


The  Comets  of  the  Year  1904. 
Five  comets  were  discovered  in  the  year  1904..  two  of  which 
rere  the  periodic  comets  known  as  Encke's  and  Tempel^.    The 
mer  is  too  near  the  Sun  at  present  for  observation,  but  it  is 
)ed  that  further  measures  may  be  secured  later  on, 
Of  the  three  unexpected  comets  of  the  year,  one  (Comet 
111904)  was  discovered  in  America,  the  other  two  in  Europe, 
net  a  has  been  described  in  earlier  number  of  these  Pubii- 
^alioits,  and  it  is  only  necessary  to  add  that  it  is  still  well 
laced  for  observation,  and.  judging  from  two  observations 
made  this  month  with  the  12-inch  telescope,  will  remain  visible 
in  large  telescopes  for  several  months  longer. 

Comet  d  was  discovered  by  M.  Giacobini,  at  Nice,  on 
December  17,  1904.  It  is  very  small  and  faint,  and  as  it  is 
receding  both  from  the  Earth  and  the  Sun.  will  soon  become  a 
very  difficult  object.  From  my  observations  of  December  19 
and  27,  1904,  and  January  9,  1905.  I  have  computed  the 
following  set  of  elements  for  this  comet : — 

T  =  1904  November  3.2272  Gr.  M.  T, 
~  »^    40°  42'  34"-8  "1 

n  —  218    28  04.5  \  1905.0 
i=   99    36  41  .3  ) 
log  q  —       0.274540 
1  llesiduals  for  the  middle  place  ( O  -  C )  ;- 
AA'cos^=-f  3".3;  ^^  =  — 
The  ephemeris,  to  March  6,  1905,  may  be  found  in  L.  0. 
fvlletin.  No.  67. 

The  last  comet  of  the  year  was  discovered  by  M.  Borrelly, 
Marseilles,   on   December   28,    1904.     It   is  brighter  than 
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GiACOBiNi's  comet,  but,  like  the  latter,  has  passed  perihelion, 
and  is  receding  from  the  Earth.  It  is  not  likely,  therefore,  to 
remain  visible  very  long.  r>    r-     v 

January  24,  1905. 

Note  on  Two  Interesting  Binaries  in  Cetus. 

The  star  Ceii  82,  was  found  to  be  a  close  double  star  by 
BuRNHAM  in  1875,  t>"^  ^^o  accurate  measures  were  made  until 
1886.  The  observed  motion  in  the  next  five  years  was  very  slow, 
but  that  the  pair  would  ultimately  prove  to  be  an  interesting 
physical  system  was  evident  from  the  large  proper  motion  com- 
mon to  the  two  components — about  i".4  annually  in  the  direc- 
tion 90°. 

The  star  was  not  observed  from  1891  to  1897,  but  in  the 
latter  year  See  measured  it  and  found  a  remarkable  change. 

The  companion-star  was  now  in  the  fourth  quadrant  instead 
of  the  second,  and  less  than  half  as  far  from  its  primary  as  in 
1891.  Dr.  See  computed'  an  orbit  and  found  a  period  of  onlv 
16.3  years,  but  the  observational  data  were  at  that  time  insuf- 
ficient for  accurate  conclusions,  and  later  measures  have 
indicated  a  very  different  orbit.  I  have  followed  this  pair 
regularly  since  1897,  and  with  the  aid  of  the  additional  data  thus 
secured  have  now  computed  an  orbit  which  will,  I  hope,  at 
least  approximate  the  truth.  The  details  of  this  computation 
will  be  printed  as  one  of  the  Bulletins  of  the  Lick  Observatory ; 
it  will  therefore  be  sufficient  here  to  give  the  mean  of  my  most 
recent  observations  and  the  elements  of  the  computed  orbi». 
The  mean  of  two  measures  in  December  is: — 

1904.96  332°. 8  0".20 

And  the  elements  are : — 

P  =  24.0  years  Q  =  1 10*^.8 

T=  1899.7  0)=:  159.4 

e  =  0.15  i=  ±1  76.65 

a  —  o".66  t*-=  +  15.00 

Apparent  motion  direct. 

Another  interesting  binary  in  this  constellation  is  13  Ceti, 
This  star  has  had  a  peculiar  history.  In  1877  Burnham 
catalogued  a  distant  companion,  but  saw  nothing  unusual  about 
the  bright  star.    In  1886.  however,  Hough,  with  the  same  tele- 
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ipe,  found  the  bright  star  lo  be  a  close  double.  He  also 
:ured  one  measure  in  the  following  year.  In  1890  and  1891 
the  star  appeared  round  lo  Blknhau  when  he  examined  it 
with  the  36-inch  telescope  under  good  conditions,  but  in  1899 
Sek  found  it  an  easy  pair  to  measure  with  the  a6-inch  at 
Washington,  and  I  have  measured  it  every  year  since  then 
with  the  36-inch  telescope.  My  last  measures  give: — 
1904.96  12°. 8  o'.i2  2" 

The  companion  has  apparently  described  an  arc  of  nearly 
,300^  since  its  discovery  by  Houuh  in  1886,  and  it  is  evident 
that  the  revolution,  period  will  be  very  short — certainly  less  than 
twenty-five  year&.  It  would  not  be  difficult  to  construct  an 
orbit  that  would  represent  all  the  observations  so  far  made 
and  that  would  also  satisfy  the  condition  that  the  apparent 
Kparation  of  the  two  components  must  be  assumed  to  be  very 
,  1877  and  in  1890  and  1891,  when  Bukniiam  failed 
|o  bee  the  star  double.  Such  an  orbit  would  probably  define 
the  revolution  period,  the  inclination,  and  some  of  the  other 
elements  with  a  fair  degree  of  accuracy,  but  others,  and  espf- 
cially  the  eccentricity,  would  he  very  uncertain,  dependint; 
^almost  wholly  on  Hol'Gh's  estimates  {not  measures)  of  distance 

two  nights  only.  It  will  be  more  satisfactory  to  wail  a 
lew  years  until  further  measures  have  supplied  data  for  an 
Mcurate  orbit. 

January  25,   IQ05. 


R.    G,    AlTKEN. 


^^1 
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Normal  Places  of  the  Ervs  Reference-Staks. 
Since  the  inauguration  of  the  work  of  determining  the  solar 
rallax  from  observations  upon  the  planet  Eros,  the  discus- 
sions in  current  astronomical  literature  as  to  the  proper  com- 
bination and  use  of  observations  have  been  very  extensive. 
Xot  the  least  among  the  points  of  controversy  has  been  the 
iper  use  of  the  meridian -circle  observations  employed. 
To  those  who  haVe  been  noting  the  progress  of  the  Eras 
work  it  will  be  a  source  of  gratification  to  learn  that  the  stars 
observed  by  the  meridian-circle  have  been  reduced  to  a  normal 
system  which  will  be  used  without  further  discussion  by  those 
employed  on  the  Bros  work.  The  catalogue  of  the  normal 
places  is  published  in  Circular  No.  11  of  the  Conference  Pho- 
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tographique  Internationale.  The  reduction  was  made  by  Mr. 
R.  H.  Tucker,  of  the  Lick  Observatory,  and  a  brief  outline  of 
the  method  employed  is  here  given.  The  two  lists  of  Eros 
stars  were  observed  with  greater  or  less  completeness  at  thir- 
teen widely-separated  observatories,  the  names  of  which  are 
given  in  a  table  at  the  end  of  this  article.  As  was  anticipated, 
small  systematic  differences  were  found  in  the  resulting  star 
places  as  published  by  the  separate  observatories,  and  it  has 
been  the  aim  of  Mr.  Tucker,  in  the  above  publication,  so  to 
combine  the  separate  results  as  to  obtain  the  most  probable 
value  of  the  definite  position  of  each  star. 

As  is  well  known,  these  stars  are  to  be  used  to  obtain  the 
positions  of  Eros,  from  the  plates  upon  which  it  has  been 
photographed.  If  the  field  of  the  photograph  is  large  enough 
to  include  a  sufficient  number  of  these  stars  for  determining 
the  plate  constants  and  scale  value,  the  position  of  Eros  may 
be  at  once  derived.  But  if  the  field  is  small,  and  there  are 
but  few  if  any  of  these  reference-stars  found  upon  it,  recourse 
must  be  had  to  the  fainter  stars  which  it  contains.  The  posi- 
tions of  these  faint  stars  are  derived  from  photographs  taken 
for  the  purpose,  containing  the  faint  stars  and  stars  of  the 
present  normal  system  to  be  used  as  reference-points. 

The  first  step  in  the  reduction  was  to  find  the  difference  in 
Right  Ascension  and  Declination  between  each  star  of  the  Lick 
Observator)'  list  and  the  Right  Ascension  and  Declination  of 
the  same  star  as  given  in  each  of  the  other  lists.  Any  com- 
plete list  would  have  served  the  same  purpose;  but  the  Lick 
Observatorv  list  has  been  chosen  on  account  of  its  uniformitv 
and  completeness.  The  resulting  comparison  gave  twelve  series 
of  results,  each  containing  as  many  differences  as  there  were 
stars  common  to  the  two  lists  compared.  As  every  star  of  the 
Eros  lists  was  observed  at  the  Lick  Observatory,  all  the 
material  that  each  list  furnishes  for  deriving  suitable  corrections 
to  reduce  to  a  normal  system  is  contained  in  these  twelve  series. 

The  mean  of  each  series  of  residuals  is  now  taken.  These 
mean  differences  represent  the  corrections  which  must  be  ap- 
plied to  each  list  in  order  to  reduce  them  to  the  Lick  Observa- 
tory system.  To  derive  the  correction  which  must  be  applied 
to  the  Lick  Observatory  list  the  weighted  mean  of  the  twelve 
mean  differences,  indicated  above,  is  taken  with  contrary  sign. 
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This  correction  to  Lick  Observatorj'  is  applied  to  each  mean 
difference,  and  the  result  is  the  correction  for  each  list,  necessary 
to  reduce  it  to  the  weighted  mean  of  all  ihe  lists. 

The  range  in  Right  Ascension  of  the  tirst  list  is  small,  and 
there  is  no  evidence  of  a  rate  in  the  Right  Ascension  or 
Declination  corrections  corresponding  to  a  change  in  Right 
Ascension.  The  range  in  Declination  is  comparatively  large, 
however,  and  an  investigation  was  made  of  the  rale  in  the 
Right  Ascension  and  Declination  corrections,  corresponding  to 
changes  in  Declination.  Thirty  stars  of  the  lowest  Declination 
(38'"'. I  to  4!^3)  and  thirty  of  the  highest  (54^.1  to  55''.4,) 
have  been  separately  compared,  for  deriving  the  rates  for  the 
first  list.  Since  the  groups  thus  compared  differ  less  than  five 
minutes  in  Right  Ascension,  the  rates  derived  should  be  mainly 
due  to  the  Declination  factor.  The  corrections  derived  in  the 
manner  indicated  above,  together  with  the  rates  here  obtained 
for  them,  are  tabulated  in  tables  IV  and  V  of  the  publication. 

These  corrections  having  l>een  applied  to  the  coordinates 
of  the  respective  lists,  the  weighted  mean  of  the  Right  Ascen- 
sion and  Declination  as  furnished  by  these  corrected  lists  is 
taken.  This  weighted  mean  furnishes  the  final  definitive 
position  as  published  in  the  catalogue. 

In  the  first  list  there  are  in  Right  Ascension  about  8,500 
observations  included;  in  Declination  about  7,000,  giving  an 
average  per  star  of  26  and  22  respectively.  In  the  second  list 
there  are  10,640  observations  in  Right  Ascension,  and  9.140 
in  Declination,  giving  averages  respectively  of  30  and  26 
per  star. 

The  probable  error  of  the  separate  determinations  have  been 
computed  from  the  residuals  of  the  corrected  resuhs,  compared 
with  the  weighted  mean.  For  weight  imity  the  probable  errors 
are  found  to  be  it  o'.045  and  ■±.  o".38  in  the  first  Eros  list. 
Since  the  total  of  the  weights  assigned  would  give  an  average 
of  22  per  star  in  Right  .Ascension  and  19  in  Declination,  the 
probable  errors  of  the  catalogue  place  would  be  ±  0^.009  and 
-±i  o".09  respectively.  In  the  second  list,  for  the  average  weight, 
the  probable  errors  of  a  place  are  found  to  be  ±  0^.007  and 
:fc  o".09. 

Preceding  each  of  the  two  lists  is  a  table  giving  the  probable 
rors  of  the  separate  determinations,  by  observatories,  together 
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with  the  average  number  of  observations  upon  which  a  deter- 
mination depends.  The  probable  error  of  a  final  position,  as 
given  above,  will  be  the  only  one  with  which  those  who  use 
these  stars  will  be  concerned.  It  is  a  source  of  no  little  interest, 
however,  to  see  a  comparative  statement  of  the  probable  error 
of  a  single  observation,  as  made  at  the  separate  observatories. 

From  a  well-known  least-square  theorem,  the  probable  error 
of  one  determination  is  obtained  by  dividing  the  probable  error 
of  the  mean  of  several  by  the  square  root  of  the  number 
included  in  the  mean.  Using  this  method,  I  have  obtained  from 
these  tables  the  probable  error  of  one  observation  for  each 
observatory  in  the  list.  Each  of  the  two  tables  will  giye  a 
determination ;  and  below  is  given  the  mean  probable  error  of 
one  observation,  as  determined  from  the  two  tables,  the  Right 
Ascension  error  being  first  transformed  into  seconds  of  arc. 

R.  A.  Decl. 

Abaddia    (Italy) ±l  o".40       it  o".4i 

Greenwich    .57  .45 

Koenigsberg .51 

Lick .31  .28 

Lisbon .34  .35 

Marseilles .69  .42 

Nice    57  .43 

Paris  .60  .47 

Rome .97  .88 

San  Fernando  (Spain).           .84  .56 

Strassburg   .33  .40 

Toulouse .57  .36 

Washington 43  .55 

The  Koenigsberg  Right  Ascensions  and  Declinations  were 
observed  separately  and  the  observations  in  Declination  have 
not  yet  been  published. 

The  probable  error  as  given  for  Rome  depends  upon  the 
first  list,  only  a  small  number  of  stars  of  the  second  list  having 
been  observed  there. 

The  two  lists  were  observed  at  Washington  with  different 

instruments.     The  observations  in  Declination  made  with  the 

old  instrument  are  found  to  be  more  accurate  and  reliable  than 

those  made  with  the  new  one.  ^^  c* 

Elliott  Smith. 

January,   1905. 
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Additions  to  the  Lick  Observatory  Reservation. 

The  Regents  of  the  University  of  California  have  recently 
added  to  the  Lick  Observatory  Reservation,  by  purchase,  two 
hundred  and  forty  acres  of  land,  as  follows : — 

Eighty  acres  near  the  northeast  corner  of  the  Reservation 
iHolden  tract) ;  one  hundred  and  sixty  acres  on  the  western 
edge  of  the  Reservation,  one  hundred  and  twenty  acres  of  which 
projected  within  the  general  western  boundary-line  (Cook 
tract). 

The  Reservation  has  been  formed,  as  follows: — 

By  Congressional  Grant  (original) ....  1345.80  acres 

By  Congressional  Grant  (second) 599-94 

By  California  State  Grant 320 

By  Gift,  Robert  F.  Morrow 40 

By  Purchase   191 49 

By  Purchase   40 

Bv  Purchase   80 

Bv  Purchase   160 

Total   2777.23  acres 

\V.  \V.  Campbell. 


GENERAL    NOTES. 


The  Astrophysical  Journal  for  January,  1905,  contains  an 
interesting  article,  by  Professor  Barnard,  on  the  Bruce  photo- 
graphic telescope  of  the  Yerkes  Observator)-.  This  instrument 
has  been  in  the  course  of  construction  for  a  number  of  years, 
and  was  finally  completed  and  put  into  position  during  April, 
1904.  It  is  a  doublet,  both  lenses  being  of  the  "portrait-lens*' 
type.  The  larger  of  the  two  lenses  has  an  aperture  of  ten 
inches  and  a  focal  length  of  fifty  inches,  the  smaller  an  aperture 
of  six  and  a  quarter  inches  and  a  focal  length  of  thirty-one 
inches.  As  will  be  seen  from  the  shortness  of  the  focus  of 
these  lenses,  they  are  well  adapted  to  photographing  such 
objects  as  comets,  portions  of  the  Milky  Way,  and  parts  of  the 
sky  containing  faint  nebulous  masses.  Two  excellent  repro- 
ductions of  the  Milky  Way  in  Cephcus  are  given  to  illustrate 
the  work  of  these  lenses.  The  larger  lens  was  figured  by 
Brash  EAR,  and  the  mounting  for  the  lenses  was  made  by 
Warner  &  Swasey.  The  mounting  contains  a  number  of 
novel  features,  chief  of  which  is  the  bending  of  the  iron  pier 
through  such  an  angle  as  to  make  the  upper  part  of  it  serve  as 
the  polar  axis  of  the  instrument.  By  this  device  it  is  possible 
to  carry  the  telescope  past  the  meridian  without  bumping  into 
the  pier,  and  this  is  very  useful  when  photographing  an  object 
which  crosses  the  meridian  near  the  middle  of  a  long  exposure. 
The  pier  is  constructed  of  two  parts,  so  that  the  inclination  of 
the  upper  part  may  be  changed  to  any  desired  angle  by  the 
insertion  of  a  wedge  of  the  proper  size.  The  clockwork  is 
provided  with  a  device  by  which  its  motion  may  be  reversed 
so  the  instrunicnt  may  be  used  in  the  southern  hemisphere  if 
desired.  The  instrument  has  been  dismounted  and  transported 
to  Southern  California,  where  it  is  to  be  used  for  some  time 
to  photograph  portions  of  the  Milky  Way  which  cannot  be 
reached  at  the  more  northern  latitude  of  the  Yerkes  Observa- 
tory. We  may  feel  sure  that  some  excellent  astronomical 
pictures  will  be  secured  while  the  instrument  is  in  the  hands 
of  such  an  experienced  astronomer  and  photographer  as 
Professor  Barnard.  S.  D.  T. 


On  the  evening  of  December  15,  1904,  a  lunar  fog-bow  was 
seen  at  this  observatory.    The  moon  at  the  time  was  about  five 


Astronomical  Society  of  the  Pcuific.  2iZ 

degrees  above  the  crest  of  the  mountains  to  the  west,  and  some 
twenty  degrees  above  the  horizon.  The  valley  was  filling  with 
fog,  and  the  bow  was  seen  distinctly  against  the  fog  covering 
the  eastern  mountains.  The  bow  was  complete,  but  the  separate 
colors  were  not  distinguishable.  The  phenomenon  remained 
visible  for  several  minutes,  and  on  the  following  evening 
another,  but  fainter,  bow  was  seen  under  almost  exactly  similar 
conditions.  S.  D.  T. 

International  Latitude  Observatory,  Ukiah,  Cal. 


The  annual  report  of  the  meteorological  observations  made 
at  the  International  Latitude  Observatorv  of  Mizusawa 
(Japan)  has  been  issued  recently.  In  many  respects  the 
weather  of  Japan  is  almost  the  exact  antithesis  of  that  of  Cali- 
fornia, and  it  is  of  interest  to  compare  the  weather  at  the  two 
stations,  Mizusawa  and  Ukiah,  for  1903.  I  am  indebted  to 
Dr.  George  McQ)WAN,  volunteer  observer  of  the  U.  S.  Weather 
Bureau,  for  the  meteorological  data  of  Ukiah.  In  the  U.  S. 
Weather  Bureau  service  **clear  days"  are  defined  a^  those  in 
which  the  average  cloudiness  is  less  than  three  on  a  scale  of 
ten,  and  "cloudy  days"  those  on  which  the  average  is  greater 
than  seven.  No  statement  is  made  in  the  report  concerning  the 
Japanese  practice  in  this  regard.  During  1903  there  were 
sixteen  days  upon  which  a  sprinkle  of  rain  fell  at  Ukiah,  and 
these  are  classed  with  the  days  upon  which  no  rain  fell. 


Precipitation  ( 1903) 

Maximum 

Minimum 


Mizusawa.  Ukiah. 


63.10  inches.       1  32.40  inches. 

8.83  (Aug.)  11.93  (Nov.) 

1.46  (Feb.)  0.00  (May,  June. 

July,  Aug., 
I  Sept.) 

Number  of  days  on  which  rain  fell 238  60 

Number  of  days  on  which  no  rain  fell.  127  305 

Maximum  interval  with  rain  every  day . '  Ju'y  16  -  Aug.  4   Jan.  19  -  Jan.  28 

(20  days.)  (10  days.) 

Maximum  interval  without  rain Apr.  3  -  Apr.  10   Apr.  17  -  Oct.  3 

(8  days.)  ,  (170  days.) 

Number  of  clear  days 17  227 

Number  of  cloudy  days 189  67 

Maximum  temperature    93®  F.  (Sept.)  •    1 1 1°  F.  (Aug.) 

Minimum  temperature I  5°     (Dec.)  19°     (Feb.) 
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The  report  contains  also,  as  an  appendix,  a  list  of  the  earth- 
quakes experienced  at  Mizusawa  in  1902  and  1903.  In  the 
former  year  there  were  155  and  in  the  latter  114,  besides  a 
considerable  number  of  pulsatory  oscillations.  S.  D.  T. 


The  Astrophysical  Journal  for  December,  1904,  contains 
some  very  interesting  articles,  most  of  which  were  read  before 
the  Congress  of  Arts  and  Sciences  which  met  in  St.  Louis  in 
September.  Our  readers  who  are  interested  in  spectroscopic 
work  should  not  fail  to  obtain  a  copy  of  this  number  of  the 
JournaL  A  list  of  the  articles  referred  to  is  given  below: 
"  Co-operation  in  Solar  Research,"  George  E.  Hale  ;  "  Re- 
marks on  Standard  Wave-Lengths,"  Henry  Crew  ;  **  Rapport 
sur  la  Necessite  d*etablir  un  Nouvcau  Systeme  de  Longueurs 
d'Ondes  Etalons,"  A.  Perot  et  Ch.  Fabry  ;  "  New  Standards 
of  Wave-Length,"  H.  Kavser  ;  "  Some  Total  Solar  Eclipse 
Problems,"  C.  D.  Perrine;  '*  On  a  New  Method  for  the 
Measurement  of  Stellar  Spectra,"  J.  Hartmann  ;  "  A  Desidera- 
tum in  Spectrology,"  Edwin  B.  Frost. 


Last  night  a  most  wonderful  fireball  was  seen  at  this 
station.  While  walking  around  outside  the  observatory  "be- 
tween stars"  of  the  latitude  observing  programme,  a  fireball  of 
the  sliape  of  the  crescent  Moon  appeared  suddenly  in  the 
southeast,  moved  slowly  to  the  north  in  a  horizontal  plane  about 
on  the  almucantar  of  the  Pole  Star.  As  the  object  moved  it 
developed  rapidly,  passing  through  phases  like  the  Moon  until 
the  full-moon  stage  was  reached.  After  remaining  at  this 
maximum  size  a  moment,  this  remarkable  object  then  passed 
rapidly  through  the  phases  of  the  waning  Moon,  and  finally 
(hsappearcd  about  ten  degrees  east  of  the  Pole  Star.  When 
full  the  fireball  was  somewhat  larger  than  the  full  Moon, — 
perhaps  about  37'  in  diameter, — but  not  quite  so  bright  as  the 
Moon.  When  in  the  crescent  form,  just  before  disappearance, 
the  whole  disk  was  seen  faintly  appearing  like  the  new  Moon 
when  lit  up  by  the  earth-shine.  Immediately  after  the  disap- 
pearance of  this  remarkable  fireball  I  went  into  the  observatory 
to  record  the  time,  wiiich  was  found  to  be  i^  40™,  and  then  I 
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awoke  with  a  dull,  sickening  tlnid  and  found  that  it  was  quartci 
past  seven  and  lime  to  get  up  and  hght  the  fire.         S.  D.  T. 
B.  Cal.,  December  7.  1904. 


The  International  Jury  at  St.  Louis  awarded  a  gold  medal 
\  Professor  BwxiKS.  of  Hobart  College,  for  the  discovery  of 
mets.    Dr,  Brooks  now  has  twenty-four  to  his  credit. 

The  Latandc  gold  medal  of  the  French  Academy  of  Sciences 
s  been  awarded  to  Professor  S.  W.  Burnham,  of  the  Yerkes 
Iteervatory,  for  his  researches  in  astronomy. 

%m  DtjBuiN's  Determination  ok  the  Orbit  ok  the  Fifth 
Satellite  of  Jvpiter. 
I  am  quite  unable  to  understand  Mr.  Townley's  criticism 
[  Miss  Dobbin's  work  on  the  fifth  satellite  of  Jtipttcr  in  Pub- 
:mions  A.  S.  P.,  No.  98  (page  223). 

as  at  my  suggestion  entirely  that  she  based  her  work 
ton  my  observations  alone — not  that  those  observations  were 
mpposed  to  be  better  than  any  others,  but  for  one  reason  in 
particular,  and  that  the  one  Mr.  Towni.ev  objects  to. — viz., 
that  they  were  all  made  by  one  observer,  which  would  prevent 
any  confusion  that  might  come  from  the  personality  of  different 
observers  by  which  the  very  quantities  sought  might  be  masked. 
And  further,  the  only  measures  that  have  been  made  of  this 
satellite  are  those  at  the  Lick,  at  the  Pulkowa,  and  at  the  Yerkes 
obser*-atorics.  No  measures  have  been  published  from  Pulkowa 
Hh  ten  years  that  I  know  of,  and  I  am  under  the  impression 
r&at  no  measures  have  been  made  there  in  that  time.  Professor 
Aitken's  valuable  measures  are  referred  to  the  other  satellites, 
and  would  require  an  investigation  of  their  orbits  before  they 
are  available.  Furthermore,  as  these  observations  were  made 
by  an  entirely  different  method,  they  should  be  treated  dif- 
ferently, and  when  this  has  been  done  they  will  give  an  inde- 
pendent determination  of  the  orbit  which  will  have  peculiar 
values  of  its  own.  As  Miss  Dobbin  was  forced  from  want  of 
time  to  confine  herself  to  recent  years,  she  had  no  choice  in  the 
matter  for  the  very  want  of  other  material. 

Mr.  Townley  cites  the  admirable  work  of  Mr.  Hinks  in 
determination   of  the  solar  parallax   from   photographic 
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observations  made  at  different  observatories  in  America  and 
Europe  as  an  example  of  using  the  work  of  different  observ- 
atories. This  illustration  does  not  seem  to  be  a  just  one, 
for  the  two  cases  are  quite  different,  and  for  the  reason 
also  that  the  parallax  depended  on  different  observers  placed 
at  different  points  on  the  Earth's  surface,  and  was  in  strict 
adherence  to  a  definite  programme  previously  arranged  for; 
though  it  is  true  that  one  observer  could  have  determined 
the  parallax  from  morning  and  evening  observations,  as  was 
done  by  Sir  David  Gill  in  1877  with  Mars,  The  uncertainty 
of  getting  complete  sets  of  observations  for  the  evening  and 
morning  observations  from  one  point  made  the  plan  followed 
by  Mr.  Hinks  the  better  one.  It  will  be  noticed,  however,  that 
Mr.  HiNKS  shows  that  even  in  this  case  the  other  method  would 
have  been  justified  by  the  remarkable  agreement  of  Gill's 
individual  heliometer  results  from  minor  planets  with  the  more 
elaborate  results  from  E,ros.  The  probable  errors  of  the  two 
were  almost  identical. 

As  an  example  of  using  the  work  of  one  observer  in  the 
determination  of  an  orbit,  I  would  refer  to  the  Astronomical 
Journal  (Xos.  236,  237),  where,  determining  the  orbits  of  the 
companions  to  Comet  V  1889,  Dr.  Chandler  finally  made  a 
complete  investigation  of  their  orbits  by  using  alone  my  obser- 
vations of  these  bodies  made  with  the  36-inch  of  the  Lick 
Observatory,  and  this  after  having  used  all  the  observations 
that  had  been  made  of  these  companions  at  the  Lick  and 
elsewhere. 

In  the  same  journal  {A,  J.,  441)  Professor  Asaph  Hall 
made  an  investigation  of  the  orbit  of  the  satellite  of  Neptune, 
using  only  my  observations  made  with  the  40-inch  here.  At 
the  same  time  there  were  plenty  of  other  observations  to  be  had. 
In  closing  his  paper,  Professor  Hall  says :  "  Each  observer, 
however,  should  make  a  complete  and  careful  series  of  meas- 
ures as  Professor  Barnard  has  done,  since  sporadic  observa- 
tions are  of  little  use." 

From  the  examples  set  by  these  eminent  men.  Miss  Dobbin 
was  justified  in  her  method  of  treating  the  observations  of  the 
fifth  satellite  of  Jupiter,  even  though  there  had  been  an  abun- 
dance of  other  measures,  which  there  was  not. 

Yerkes  Observatory,  November,  1904.  E.  E.  Barnard. 
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Minutes  of  the  Meeting  of  the  Board  of  Directors,  held 
IN  the  Rooms  of  the  Society,  January  28, 

1905,  AT  7:30  P.M. 

President  Edwards  presided.    A  <iuorum  was  present.    The  minutes 
of  the  last  meeting  were  approved. 

The  following  members  were  duly  elected: — 

List  of  Members  Elected  January  28,  1905. 

Mr.  Ferdinand  Ellerman      .    . 


Prof.  George  E.  Hale    .    . 

Foreij^  Assoc,  r.a.s 
Dr.   A.   LiUENCRANTZ       .      . 

Mr.  George  W.  Ritchey    . 

Foieign  Assoc,  r.a.s 

Mr.  E.  C.  Smith    .... 
Wellesley  College  Library 

Mrs.  Elsie  Hadley  White 


\  Solar  Observatory,  Mount  Wilson, 
\     via  Pasadena,  Cal. 

j  Director  of  the  Solar  Observatory, 
i     Mount  Wilson,  via  Pasadena,  Cal. 

359  Telegraph  Ave.,  Oakland,  Cal. 

)  Solar  Observatory,  Mount  Wilson, 
)     via  Pasadena,  Cal. 

Saint  Albans,  Vermont. 

Wellesley,  Massachusetts. 

The     Executive     Mansion,     Bis- 
marck, North  Dakota. 


I 


It  was,  on  motion, 

Resolved,  That  the  proposition  to  amend  Article  II  of  the  By-Laws  be  referred  to  a 
committee  of  two.  consisting  of  Messrs.  Aitkbn  and  Townley,  for  investif^ation. 

Resolved^  That  the  Solar  Observatory,  Mount  Wilson,  via  Pasadena,  Cal.,  be  placed 
on  the  list  of  Corresponding  Institutions. 

Resolved^  That  the  suggestion  of  changing  the  class  headings  of  departments  of 
publication  be  referred  to  the  Publication  Committee,  with  power  to  act. 

A  committee  to  nominate  a  list  of  eleven  Directors  and  Committee 
on  Publication,  to  be  voted  for  at  the  annual  meeting,  to  be  held 
on  March  25th,  was  appointed  as  follows:  Messrs.  A.  H.  Babcock 
(Chairman),  R.  T.  Crawford,  J.  K.  Moffitt,  J.  D.  Galloway,  Wm. 
Grant. 

A  committee  to  audit  the  accounts  of  the  Treasurer,  and  to  report 
at  the  annual  meeting  in  March,  was  appointed  as  follows:  Messrs. 
Chas.  S.  Gushing  (Chairman),  A.  O.  Leuschner,  D.  Suter. 


Wiluam  Alvord  died  at  his  home  in  San  Francisco,  on  December 
21,  1904. 

Mr.  Alvord  was  one  of  the  many  friends  which  it  has  been  the  good 
fortune  of  this  Society  to  possess.  From  the  very  beginning  of  the 
Society  he  gave  his  energetic  support  in  procuring  a  large  number  of 
its  members,  of  whom  he  was  the  first  to  become  a  life  member ;  he  was 
a  member  of  the  Board  of  Directors  and  one  of  its  Presidents.     He 
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was  ready  to  give  financial  aid  when  needed,  and  by  his  last  will  and 
testament  has  made  a  large  bequest  to  the  Society.  For  the  last  six- 
teen years  of  his  active  and.  honorable  career  he  was  President  of  the 
Bank  of  California. 

The  following  resolutions  were  adopted: — 

Whereas,  William  Alvord,  one  of  the  most  prominent  citizens  of  San  Francisco, 
and  an  ex-President  of  this  Society,  died  on  ^he  twenty-first  day  of  December,  1904 ; 

Resolved,  That  in  the  life  of  William  Alvord  we  recognize  the  best  type  of  the 
American  citizen,  ever  ready  to  give  his  services  and  assistance  to  his  fellow-man  ; 

Resolved,  That  in  his  death  the  body  politic  generally,  and  this  Society  particularly 
has  sustained  a  loss  they  can  ill  afford. 


Adjourned. 
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THE  DEVELOPMENT  OF  A  NEW  OBSERVATORY. 


By  George  £.  Hale. 


The  editor  of  the  Popular  Science  Monthly,  in  the  last  issue 
of  that  journal,  questions  the  wisdom  of  the  Carnegie  Institu- 
tion in  transferring  a  portion  of  the  staff  of  the  Yerkes 
Observator}'  to  California  for  the  purpose  of  establishing  a 
new  observatory.  He  believes  that  observatories  should  be 
situated  where  the  seeing  is  best,  and  that  good  results  may 
be  obtained  on  Mt.  Wilson,  but  doubts  the  necessity  of  pro- 
viding for  more  astronomical  work  in  a  region  already  so  well 
represented  by  the  Lick  Observatory. 

The  criticism,  which  is  made  in  perfect  fairness,  is  doubt- 
less one  that  will  independently  present  itself  to  others.  It 
deserves  an  answer,  which  I  shall  endeavor  in  this  paper  to 
supply. 

Let  me  say  at  the  very  outset  that  we  yield  to  no  one  in 
our  admiration  for  the  splendidly  effective  work  of  our  good 
friends  on  Mt.  Hamilton.  If  it  had  been  a  question  of  dupli- 
cating the  work  of  the  Lick  Observatory,  or  of  occupying  a 
similar  field,  the  Solar  Observatory  would  not  have  been 
founded. 

It  is  easy  to  believe  that  one  who  has  but  recently  closed 
a  long  period  of  preparation,  which  involved  not  only  the 
ordinary  discomforts  of  building,  but  also  the  details  of  con- 
struction of  an  extensive  instrumental  equipment,  would  not 
lightly  embark  upon  another  similar  enterprise.  A  mountain 
summit,  reached  only  by  a  narrow  trail,  and  with  no  imme- 
diate prospect  of  better  means  of  approach,  does  not  appear 
to  one  engaged  in  quiet  research  as  an  ideal  place  for  building 
operations.  Furthermore,  the  great  Yerkes  telescope,  thor- 
oughly tested  by  investigations  in  many  fields,  appeals  more 
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and  more  strongly  to  the  imagination  as  one's  acquaintance 
with  its  capabilities  increases.  The  possibilities  of  research 
which  this  instrument  affords  are  unlimited.  In  some  depart- 
ments they  are  almost  unique.  Certain  solar  phenomena,  for 
example,  which  it  is  one  of  the  principal  purposes  of  the  new 
Solar  Observatory  to  study,  have  hitherto  been  recorded  only 
with  the  Yerkes  telescope.  The  atmospheric  conditions  at 
Lake  Geneva  are  not  of  the  best,  but  with  reasonable  patience 
the  astronomer  finds  enough  good  days  in  the  year  to  crowd 
his  cabinet  with  negatives  that  will  repay  much  careful 
measurement  and  study.  With  these  opportunities  within  his 
grasp,  the  attraction  must  indeed  be  a  powerful  one  that  will 
lead  a  reasonable  man  into  new  and  uncertain  fields. 

But  there  is  another  side  to  the  shield — a  side  so  bright 
with  promise  that  a  few  more  years  of  preparation,  even 
though  they  may  temporarily  deny  the  opportunity  for  research, 
may  be  considered  as  a  slight  obstacle.  A  man  of  science  must 
so  direct  his  efforts  as  to  secure  the  largest  results  not  within 
a  single  month  or  a  single  year,  but  within  the  entire  period  of 
his  activities.  He  can  thus  afford  to  devote  much  time  and 
effort  to  details  of  construction,  if  these  promise  sufficient 
advantage  in  the  end.  He  must  work  for  years,  if  need  be, 
to  secure  such  means  of  investigation  as  appear  to  him  needful. 

The  purpose  of  the  Sqlar  Observatory  should  now  be 
stated.  It  is  not  intended,  in  any  important  feature,  to  dupH- 
cate  the  work  of  the  Lick  or  the  Yerkes  observatories.  The 
aim  of  the  Solar  Observatory  will  be  to  apply  new  methods 
(»f  research,  under  remarkably  favorable  atmospheric  condi- 
tions, in  a  study  of  the  constitution  of  the  Sun  and  the  problem 
of  stellar  evolution.  The  apparatus  and  methods,  for  the 
most  part,  will  differ  decidedly  from  those  employed  else- 
where. With  its  large  shop,  equipped  for  the  construction 
of  both  the  mechanical  and  the  optical  parts  of  instruments, 
the  Solar  Observatory  will  be  in  a  position  to  develop  new 
apparatus  as  fast  as  the  need  for  it  appears. 

The  proposed  methods  of  research  will  cause  the  new 
institution  to  resemble  a  physical  laboratory  more  closely 
than  an  observatory.  For  years  astronomers  have  recognized 
some  of  the  advantages  that  must  result  from  a  realization 
of  laboratory  conditions  in  observatory'  practice.     Indeed,  tele- 
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scopes  have  been  constructed  that  might  seem  on  casual  exam- 
ination to  accomplish  the  very  purpose  here  in   view.     But 
an  acquaintance  with  the  facts  would  show  that  these  telescopes, 
though  they  in  some  cases  form  stellar  or  solar  images  within 
naboratorics,  are  suited  for  only  a  small  part  of  the  invcsliga- 
Ijons  now  contemplated.     Sonic  of  these,  like  the  great  equa- 
Ktorial    coudi    of    the    Paris    Observatory,    have    splendidly 
^demonstrated  their  worth   in   other  fields  of   research.     But 
ieven  this  instrument  would  be  unsuited  for  our  needs. 

What  we  must  have,  if  the  full  possibihties  of  solar  research 
with  the  spectrograph  and  spectrohcliograph  are  to  be  realized 
1  practice,  is  a  telescope  of  such  mechanical  and  optical  design, 
linear  dimensions,  and  geographical  position  as  to  permit  the 
formation  of  a  sharply  defined  solar  image,  from  fifteen  to 
twenty  inches  in  diameter,  within  a  suitably  equipped  labora- 
tory, on  a  large  number  of  days  in  the  year.  These  conditions 
have  never  been  attained  or  even  approached  in  practice,  and 
no  existing  observatory  is  in  a  position  to  provide  them. 
L  So  far,  reference  has  been  made  only  to  the  type  of  tele- 
mcope  required  for  solar  investigations.  The  telescope  is 
Pnsualty  regarded  as  the  principal  instrument  of  the  astronomer, 
and  it  is  of  course  absolutely  indispensable.  Nevertheless, 
ii  may  fairly  be  said  that  in  the  present  state  of  solar  research 
the  spectroscopes  and  other  instruments  used  in  conjunction 
with  tht  telescope  are  no  less  important  than  the  telescope 
itself.  The  equatorial  refracting  telescope,  hitherto  employed 
almost  exclusively  in  solar  and  stellar  spectroscopy,  has, 
through  the  nature  of  its  construction,  hindered  the  free  devel- 
opment of  the  astronomical  spectroscope.  The  serious  effect 
■">f  the  changing  temperature  in  an  open  dome,  especially  on 
the  optical  properties  of  prisms,  has  been  recognized  in  recent 
stellar  spectrographic  work,  and  effective  devices  have  been 
employed  to  maintain  the  temperature  of  the  prisms  constant 
throughout  an  exposure.  Hut  the  limitation  of  size,  imposed 
by  the  necessity  of  attaching  spectroscopes  to  a  moving  tele- 
scope-tube, cannot  so  easily  be  overcome.  This  has  precluded 
the  use  of  long-focus  grating  spectroscopes,  such  as  Rowlanh 
employed  in  his  researches  on  the  solar  spectrum.  Spectro- 
scopes of  this  type  are  common  enough  in  physical  laboratorie.". 
and  (he  classic  results  of  Rowland,  to  speak  of  no  other  work. 
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show  how  successfully  they  have  been  applied  in  investigations 
of  the  Sun.  But  whereas  the  astrophysicist  has  almost  invari- 
ably been  confined  to  the  employment  of  small  spectroscopes, 
which  could  easily  be  adapted  to  moving  telescopes,  the  physicist 
has  used  powerful  spectroscopes,  properly  mounted  on  piers, 
but  provided  with  no  adequate  means  of  forming  the  imag.* 
of  a  celestial  body  upon  the  slit.  For  this  reason  Rowland'.s 
work  was  confined  to  the  study  of  a  very  small  solar  image, 
produced  with  the  aid  of  an  ordinary  laboratory  heliostat. 
He  was  thus  unable  to  investigate  various  minute  phenomena 
of  the  Sun's  surface,  which  can  be  observed  only  in  large  solar 
images  produced  by  powerful  telescopes.  On  the  other  hand, 
the  users  of  such  telescopes  have  had  at  their  disposal  no 
spectroscopic  apparatus  adequate  for  solar  and  stellar  researches 
equivalent  in  precision  to  Rowland's  investigations. 

In  making  these  remarks  I  do  not  wish  to  be  understood 
as  in  any  way  criticising  the  magnificent  work  hitherto  accom- 
plished by  investigators  in  solar  and  stellar  spectroscopy. 
Nothing  could  be  more  successful,  for  example,  than  the  epoch- 
making  determinations  of  stellar  velocities  in  the  Hne  of  sight 
perfected  by  Campbell  at  the  Lick  Observatory,  and  it  will 
be  many  years  before  a  degree  of  precision  in  the  measurement 
of  the  solar  spectrum  appreciably  higher  than  that  attained 
by  Rowland  and  Jewell  at  the  Johns  Hopkins  University 
will  be  realized  elsewhere.  In  both  lines  of  investigation  the 
available  means  of  research  have  been  utilized  with  extraor- 
dinary success.  It  is  only  through  the  lack  of  proper  instru- 
ments that  such  special  researches  as  we  desire  to  undertake 
at  the  new  Solar  Observatory  have  not  been  carried  out.  In 
stellar  spectroscopy  these  special  studies  will  not  in  any  way 
compete  with  the  work  now  being  accomplished  by  Campbell, 
1^'kost,  and  others.  They  will  simply  permit  the  use  of  much 
higher  dispersion  for  the  minute  investigation  of  the  spectra 
of  some  of  the  brighter  stars.  In  solar  spectroscopy.- on  the 
other  hand,  while  the  degree  of  precision  attained  in  previous 
investigations  will  hardly  be  exceeded,  it  is  hoped  that  these 
investigations  may  be  extended  from  the  general  light  of  the 
Sun  to  the  details  of  solar  phenomena. 

To  accomplish  such  results  should  be  a  comparatively  easy 
matter  as  soon  as  a  large  and  well-defined  solar  image  or  a 


Astronomical  Society  of  the  Pacific. 


4S 


i 


■bb! 


irillianl  and  sliarply  dctincd  stellar  image  can  be  produced 
within  a  laboraiory.  Spectroscopes  niay  tlien  be  rigidly  at- 
tached to  immovable  piers;  the  temperature  conditions,  when 
this  is  desirable,  may  be  controlled  more  perfectly  than  -i 
possible  within  an  open  dome;  and  the  limitations  of  size, 
which  are  so  evident  in  the  case  of  an  equatorial  telescope, 

ill  no  longer  exist,    in  other  words,  t)ie  spectroscope,  instead 
occupying  ihc  position  of  an  attachment  to  a  telescope,  may 

tke  its  place  as  an  instrument  of  still  greater  power  and  pos- 
sibilities. From  this  point  of  view,  it  would  hardly  be  unrea- 
sonable to  define  a  telescope  as  an  instrument  for  farming  the 
image  of  a  heavenly  body  on  the  slit  of  a  spectroscope. 

The  importance  of  such  an  advance  has  been  constantly 

;fure  my  mind  for  years.  In  the  earliest  work  of  the  Kenwood 
iservatory.  before  the  development  of  the  spectroheliograph 
had  been  undertaken,  this  plan  had  already  presented  itself 
to  me,  as  it  doubtless  had  to  others.  Constant  use  of  a  long- 
focus  concave  grating  in  the  study  of  the  solar  spectrum  had 
strongly  impressed  me  with  the  beauty  and  power  of  this  in- 
strument and  the  immense  [jos  si  bill  ties  it  would  offer  if,  i" 
modified  form,  it  could  be  applied  to  the  study  of  a  large  solar 
image.  Subsequently,  when  engaged  in  the  investigation  of 
.stellar  spectra  with  a  three-prism  spectrograph,  the  dispersion 
of  such  an  instrument  seemed  small  and  unsatisfactory  when 
compared  with  that  of  a  powerful  grating  spectroscope.  In- 
<leed,  in  passing  from  one  instrument  to  the  other  it  seemeij 
almost  like  returning  from  the  era  of  spectroscopy  inaugurated 
by  Rowland  to  the  period  of  Kirchhoff  and  Bunsen.  I  do 
not  mean  that  the  great  possibilities  of  the  prism  spectrograph 
were  underrated.  Such  an  instrument  to-day  is  by  no  means 
to  be  compared  with  the  apparatus  of  the  earlier  investigators. 
particularly  in  view  of  the  great  extension  of  its  power  ren- 
dered possible  by  the  application  of  photography.  Spectro- 
graphs of  this  character  will  occupy  an  important  place  in  the 
equipment  of  the  Solar  Observatory,  and  I  do  not  believe  that 
they  can  be  materially  improved  in  design  as  compared  with 
the  Mills  spectrograph  of  the  Lick  Observatory  or  the  Bruce 
spectrograph  of  the  Yerkes  Observatory.  But  the  recognition 
ai  these  facts  cannot  prevent  one  whose  work  has  been  largely 

'pendent  upon  the  use  of  long-focus  grating  spectroscopes 
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from  feeling  that  the  realization  of  similar  resolving  powers 
in  stellar  spectroscopic  research  is  a  desideratum  of  the  high- 
est importance.  In  the  Solar  Observatory  it  is  hoped  to  ac-. 
complish  this  result,  at  least  for  a  few  of  the  brightest  stars, 
through  the  provision  of  a  coude  mounting  for  a  five-foot  re- 
flecting telescope,  and  the  use  of  a  large-grating  spectrograph, 
mounted  on  a  massive  pier  in  a  constant-temperature  labora- 
tory, where  exposures  long  enough  to  record  the  feeble  light  of 
the  star  when  highly  dispersed  can  be  given  without  fear  of 
disturbance  arising  from  flexure  or  temperature  change. 

The  development  of  the  spectroheliograph  furnished  an- 
other strong  incentive  toward  the  accomplishment  of  such 
changes  in  telescope  design  as  are  here  in  view.  When  the 
Rum  ford  spectroheliograph  was  first  undertaken,  the  unsuita- 
bility  of  such  a  telescope  as  the  40-inch  Yerkes  refractor  for 
work  with  so  heavy  an  attachment  was  strongly  realized.  A 
spectroheliograph  of  these  dimensions  should  be  capable  of 
motion  as  a  whole  across  the  focal  plane  of  the  telescope.  In 
spite  of  the  great  strength  and  rigidity  of  the  steel  tube  of  the 
telescope,  which  is  sixty-four  feet  in  length,  the  motion  of  such 
a  mass,  weighing  about  seven  hundred  pounds,  would  set  the 
tube  into  vibration  and  destroy  the  possibility  of  obtaining  a 
sharply  defined  image.  I  was  accordingly  compelled  to  adopt 
a  type  of  construction  which  did  not  appeal  to  me  from  a 
mechanical  standpoint,  though  it  subsequently  yielded  good 
results.  The  motion  of  the  solar  image  across  the  first  slit  of 
the  spectroheliograph  was  produced  by  means  of  an  electric 
motor,  which  caused  the  entire  telescope-tube  to  move  slowly  in 
declination.  The  corresponding  motion  of  the  photographic 
plate  across  the  second  slit  was  produced  by  the  same  motor, 
through  a  shaft  led  down  from  the  center  of  the  telescope-tube 
to  the  eye-end.  Such  an  arrangement,  it  is  obvious  enough,  is 
crude  and  unsatisfactory  as  compared  with  a  device  permitting 
the  motion  of  the  spectroheliograph  as  a  whole,  the  solar  image 
and  photographic  plate  being  fixed  in  position.  On  Mt.  Wilson 
a  spectroheliograph  similar  to  the  Rumford  spectroheliograph, 
but  much  larger  and  more  powerful,  will  be  mounted  on  steel 
balls,  so  as  to  move  as  a  whole  across  the  solar  image,  the 
friction  being  relieved  to  any  desired  degree  by  floating  the 
entire  instrument  in  a  bath  of  mercury. 
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Later  developoienis  ot  spectrobdkgi^h  cfasgn  oadc  it 
appear  nece^san-  to  give  ibc  mstnanent  mi 
lengltis,  in  order  to  secure  soffidcnt  Etacar  ifispenaon. 
essential,  if  the  instrument  ts  to  be  used  saooeaftbilly  ia  p 
graphing  the  Sun's  disk  throt^  the  mnow  duk  iiocs  of  t 
solar  specUum,  that  these  lines  shooM  be  suftocmly  « 
dispersion  to  cover  completely  the  seoood  sHt.    For  this  r 
a  spearohelic^^ph  ihim-fiTe  feet  long  is  to  be  nscd  oa  1 
Wilson.     It  is  obvious  that  snch  an  instrmneiit  ooold  i 
nttachetl  to  an  equatorial  telescope,  for  even  if  its  weiglit  e 
be  carried,  the  Hexure  of  the  parts  wouM  prore  an  ii 
obstacle.     With  a  odostat  reflecting  teicscopc  a  % 
graph  of  this  kind  can  be  mounted  rigidlT  oa  piers  i: 
zontal  or  nearly  horizontal  position.     On  accoont  of  its  f 
length  it  will  not  be  moved  as  a  whole,  but  the  motioo  c 
solar  image  will  be  produced  by  the  siow  rotation  of  the  c 
cave  mirror  of  the  ccckwut  telescope  about  a  vertical  a 

feThe  optical  needs  which  have  becon>e  a|q>arent  in  the  de- 
pment  of  the  spectroheliograph  are  not  conBned  to  that 
Timent   alune.     They    involve   the  produaion   of   a   solar 
gc  of  a  diameter  so  great  that  the  details  of  sun-spots  and 

nther  phenomena  may  become  of  appreciable  size  upon  the 

photographic  plate.    It  is  m_v  hope  that  stm-spots  may  be  pbo- 

K^raphed  with  the  aid  of  the  u-idened  lines,  in  such  a  way  as 

to  give  a  picture  showing  the  distribution  within  the  spot  itself 

of  the  elements  which  give  rise  to  these  lines.     A  telescope 

_tl45  feel  in  length  is  thus  rendered  desirable.    Obviously,  even 

■tf  an  equatorial  telescope  could  be  made  to  carry  a  spectro- 

^BeKograph  thirty-five  feet  long,  it  could  hardly  be  given  a  focal 

'  length  of  145  ^*^'- 

These  arc  some  of  the  considerations  that  have  for  years 
been  forcing  upon  me  the  immense  importance  of  some  form 
of  horizontal  telescope.  They  led  me  to  include  a  long  helio- 
stal  room  in  the  design  of  the  Yerkcs  Observatory,  and  to  pre- 
pare, in  the  first  years  of  the  observatory's  existence,  for  the 
construction  of  a  large  helioslat  and  coelostat  for  work  there. 
But  the  necessity  of  building  in  the  observatorj-  shop  the  entire 
instrumental  equipment  required  for  use  with  the  Yerkes  re- 
fractor, together  with  other  instruments  for  the  observatory, 
delayed  the  construction  of  the  apparatus.    The  helinstat  used 
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by  Professor  Nichols  in  1898  for  his  beautiful  investigation 
on  the  heat  radiation  of  the  stars  was  an  old  one  borrowed 
from  the  Allegheny  Observatory.  Two  years  later,  when  Pro^ 
fessor  Nichols  returned  to  the  Yerkes  Observatory  to  continue 
this  work,  a  15-inch  codostat,  constructed  in  our  shops,  for  use 
at  the  eclipse  of  1900,  was  employed  in  the  heliostat  room  and 
gave  very  satisfactory  results.  The  original  plan  of  building  a 
larger  ccelostat  was  then  taken  up,  and  after  some  vicissitudes, 
which  included  the  destruction  of  the  first  horizontal  telescope 
by  fire,  the  Snow  ccelostat  reflector  was  finally  completed  with 
the  aid  of  a  gift  from  Miss  Snow  of  Chicago.  This  apparatus 
proved  satisfactory  in  the  tests  made  at  Lake  Geneva,  but  the 
atmospheric  conditions  there  were  not  sufficiently  favorable  to 
permit  it  to  be  used  to  good  advantage.  It  was  taken  to  Mt. 
Wilson  by  the  expedition  for  solar  research  sent  out  by  the 
University  of  Chicago  a  year  ago.  This  expedition  has  now 
been  replaced  by  the  Solar  Observatory  of  the  Carnegie  Insti- 
tution, but  through  the  courtesy  of  the  University  of  Chicago 
the  Snow  telescope  will  be  retained  for  use  on  Mt.  Wilson  dur- 
ing some  time  to  come.* 

In  one  particular  the  astronomer  is  at  a  disadvantage  as 
compared  with  investigators  in  some  other  departments  of 
research.  In  vVorking  with  the  microscope,  for  example,  the 
only  limitation  to  the  use  of  high  powers  is  imposed  by  the 
nature  of  light  itself.  In  astronomy,  as  is  well  known,  the 
condition  of  the  atmosphere  is  an  all-important  consideration. 
Constant  disturbances  of  the  atmosphere  ordinarily  transform 
the  images  of  celestial  bodies  into  more  or  less  confused  ob- 
jects, in  which  the  delicate  details  of  the  original  are  com- 
pletely lost.  Many  expeditions  have  been  sent  out  for  the 
purpose  of  discovering  suitable  observatory  sites,  but  in  almost 
every  case  conditions  favorable  for  night  observations  have 
been  the  principal  object  sought.  But  sites  that  are  admirably 
suited  for  night  work  are  frequently  wholly  unsuited  for  ob- 
servations by  day.  A  mountain  summit,  for  example,  though 
it  has  the  advantage  of  elevating  the  observer  above  the  lower 
and  more  disturbed  strata  of  the  atmosphere,  is  usually  a  source 
of  air-currents  due  to  the  heating  of  the  mountain-slopes,  which 

1  See  "The  Solar  Observatory  of  the  Carnegie  Institution  of  Washington.'* 
Astrophysical  Journal.   March,    1905. 
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seriously  disturb  ihe  image  in  solar  ohscrvations.  Tests  made 
on  several  mountain -tops,  including  Pike's  Peak  and  Ml,  Etna, 
had  not  led  me  to  a  very  optimistic  view  of  the  possibilities  of 
such  sites  for  day  observations.  It  was  therefore  with  no  small 
degree  of  pleasure  that  I  learned  of  Professor  Hussey's  suc- 
cess, when  examining  various  mountains  and  high  plateaux  at 
the  request  of  a  committee  appointed  by  the  Carnegie  Institu- 
tion, in  finding  a  station  which  m  all  respects  seemed  to  be 
ideally  adapted  for  both  solar  and  stellar  research.  Mt.  Wilson 
lies  within  a  region  of  remarkable  atmospheric  calm,  broken, 
it  is  true,  by  occasional  violent  storms  in  the  rainy  season,  but 
offering  through  a  large  part  of  the  year  conditions,  both  by 
night  and  by  day,  which  no  records  within  my  acquaintance 
show  to  be  surpassed  elsewhere.  Mt.  Hamilton,  I  am  told,  is 
no  better  adapted  for  solar  work  than  many  sites  in  Ihe  eastern 
part  of  the  United  States.  This  is  a  iriaitcr  of  comparatively 
small  importance  from  the  standpoint  of  the  Lick  Observatory, 
since  the  extensive  observational  programme  of  this  institution 
is  designed  with  special  reference  to  the  admirable  night  condi- 
tions which  obtain  at  Mt.  Hamihon,  and  includes  no  solar  re- 
search. It  is  evident,  therefore,  that  in  providing  for  extensive 
work  on  the  Sun  at  Mt,  Wilson,  the  Carnegie  Institution  by  no 
means  proposes  to  encroach  upon  the  field  of  the  Lick  Observa- 
tory. Mt.  Wilson  and  Mt.  Hamilton,  though  within  the  Hmits 
of  the  same  State,  enjoy  atmospheric  conditions  which  differ  in 
a  considerable  degree.  It  is  with  the  purpose  of  utilizing  the 
fine  atmospheric  conditions  at  Mt,  Wilson  for  the  purposes 
already  outlined  in  part  that  the  new  Solar  Observatory  is 
being  established. 

Up  to  this  point  my  remarks  have  related  principally  to" 
solar  research,  though  I  have  also  touched  upon  certain  special 
investigations  in  stellar  spectroscopy.  The  scope  of  the  Solar 
Observatory  is  not  to  include  all  classes  of  astronomical  and 
aslrophysical  observations:  it  is  to  be  strictly  limited  to  certain 
definite  lines  of  inquiry  which  appear  to  be  of  special  promise. 
The  importance  of  studying  the  Sun,  in  view  of  the  great 
advances  that  are  so  clearly  within  the  reach  of  suitable  ap- 
paratus, can  hardly  be  gainsaid  by  one  who  is  familiar  with 
ihe  present  condition  of  solar  research.  Even  if  knowledge  so 
gained  were  to  serve  merely  for  the  better  interpretation  of 
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solar  phenomena,  there  would  be  reason  enough  for  every 
effort  put  forth  to  acquire  it.  But  such  knowledge  is  capable 
of  far  wider  use.  Leaving  aside  the  important  question  as  to 
the  relationship  between  solar  and  terrestrial  phenomena,  which 
is  in  itself  worthy  of  great  consideration,  we  may  consider  only 
the  application  of  knowledge  derived  from  a  study  of  the  Sun 
to  the  solution  of  the  problem  of  stellar  evolution.  Within  the 
wide  boundaries  of  astrophysics  there  is  no  problem  that  ap- 
peals to  the  imagination  more  strongly  than  this.  It  should  be 
obvious  enough  that  if  we  are  to  form  a  correct  estimate  of 
the  processes  of  stellar  evolution,  in  which  the  successive  steps 
in  the  development  of  stars  from  nebulae  are  to  be  definitely 
stated  and  understood,  we  can  do  so  only  through  an  intimate 
acquaintance  with  the  phenomena  of  a  typical  star.  No  star 
other  than  the  Sun  is  sufficiently  near  the  Earth  to  permit 
such  knowledge  to  be"  gained.  Reduced  by  distance  to  mere 
points  of  light,  even  in  the  most  powerful  telescopes,  stars  of 
the  sidereal  system  appear  to  be  wholly  beyond  the  reach  of 
detailed  examination.  We  may  analyze  their  light  as  a  whole, 
but  we  can  study  their  surface  phenomena  only  by  inference, 
and  not  by  direct  observation.  The  Sun,  on  the  other  hand, 
presents,  under  excellent  atmospheric  conditions,  a  large  and 
sharply  defined  image  for  minute  study.  Here,  if  anywhere, 
we  may  seek  with  reasonable  hope  of  success  for  a  firm  foun- 
dation upon  which  the  superstructure  of  stellar  evolution  may 
be  erected. 

But  if  these  remarks  in  any  way  illustrate  the  importance 
of  the  most  searching  investigation  of  the  Sun,  they  can  hardly 
fail  to  suggest  the  desirability  of  carrying  on  simultaneously  an 
investigation  of  various  questions  relating  to  the  constitution 
of  the  stars.  The  interdependence  of  solar  and  stellar  phe- 
nomena render  it  exceedingly  desirable  that  the  same  investi- 
gator should  concern  himself  with  both.  A  study  of  the 
various  classes  of  stellar  spectra  affords  the  means  of  tracing 
out  the  past  and  future  conditions  of  the  Sun.  Hitherto,  as 
already  remarked,  such  investigations  have  been  confined  to 
the  use  of  spectrographs  of  comparatively  small  dispersion. 
Given  sufficient  light  and  a  powerful  grating  spectrograph 
rigidly  mounted  within  a  constant  temperature  room,  there  is 
reason  to  hope  that  the  spectra  of  some  of  the  brighter  stars 
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may  be  photngraplied  on  a  scale  comparable  wilh  the  scale  of 
ihe  solar  spectrum  in  the  largest  modern  spectroscopes.  It  is 
accordingly  a  matter  of  great  satisfaction  to  slate  lliat  the 
five-foot  mirror,  which  was  far  some  time  under  construction 
at  the  Yerkes  Observatory  by  Professor  Ritchey,  will  be 
mounted  at  the  Solar  Observatory.'  Funds  for  the  mounting 
and  dome  required  for  this  mirror  never  became  available  at 
the  Yerkes  Observatory,  and  for  several  years  no  work  has 
been  done  upon  it.  It  will  now  be  finished  and  erected  on  Mt. 
Wilson  as  soon  as  possible. 

In  addition  to  its  use  in  a  study  of  stellar  spectra  under 
very  high  dispersion  by  Mr.  Adams  and  myself,  this  instru- 
ment will  be  employed  by  Professor  Ritchey  in  photograph- 
ing the  minute  details  in  the  structure  of  the  nebulae,  an 
investigation  which  he  has  had  consiantly  in  view  for  many 
years;  by  Professor  NicuoLS  in  a  continuation  of  his  interest- 
ing work  on  the  heat  radiation  of  the  stars  with  the  radi- 
ometer; and  for  other  similar  researches  bearing  upon  the 
problem  of  stellar  evolution.  The  massive  mounting  which 
Professor  Ritchey  has  designed  for  the  five-foot  mirror,  and 
the  success  he  has  already  achieved  in  the  photography  of 
nebulie  with  the  two-foot  reflector  constructed  at  the  Yerkes 
Observatory,  give  reason  to  hope  that  the  five-foot  reflector 
will  accomplish  important  results  in  direct  photography,  espe- 
cially as  the  fine  night-seeing  at  Mt.  Wilson  is  accompanied  by 
but  little  wind. 

It  is  not  my  intention  to  claim  that  the  purpose  of  the  Solar 
iervatory  is  to  be  accomplished  at  once  or  without  difficulty. 
le  ccelostat  reflector,  through  the  distortion  of  its  mirrors  by 
le  Sun's  heat  and  through  olher  difficulties  peculiar  to  this 
type  of  instrument,  is  hardly  likely  to  give  the  best  resuhs 
without  much  study  and  experience.  It  is  not  improbable  thai 
some  material  other  than  glass  must  ultimately  be  used  for 
the  mirrors,  and  that  special  precautions,  not  yet  worked  out. 
will  be  necessary  in  other  directions.  The  work  has  gone  far 
enough,  however,  to  lead  me  to  hope  that  the  principal  objects 
in  view  may  sooner  or  later  be  attained.  That  the  five-foot  re- 
flector offers  problems  of  its  own  may  also  be  admitted,  though 
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witlunit  serious  fear  that  they  cannot  be  overcome.  It  is  likely 
enough,  for  example,  that  the  block  of  glass  five  feet  in  di- 
ameter and  eight  inches  thick  which  forms  the  mirror  of  thib 
telescope  must  be  maintained  throughout  the  day  at  the  mean 
temperature  of  the  night  in  case  its  full  p«DSsibilities  are  to  be 
leaHzed  in  practice.  But  this  is  a  simple  matter,  requiring  only 
the  application  of  processes  commonly  employed  in  commerce. 
As  for  the  mechanical  questions  involved  in  the  production  of  a 
mounting  capable  of  carrying  this  mirror  with  precision,  there 
seems  to  be  no  reason  to  doubt  that  they  can  be  solved. 

I  trust  it  has  been  shown  that  the  Carnegie  Institution,  in 
establishing  a  Solar  Observatory  on  Mt.  Wilson,  is  entering  a 
new  and  promising  field  of  research,  in  which  equipment  and 
conditions  not  now  available  are  indispensable.  I  am  not  quali- 
fied to  express  an  opinion  whether  the  work  to  be  undertaken 
is  more  or  less  important  than  possible  researches  in  other 
departments  of  science. 

Mt.  Wilson.  March,  1905. 


PLANETARY  PHENOMENA  FOR  MAY  AND  JUNE, 

1905. 


B/  Malcolm  McNeill. 


PHASES   OF  THE   MOON,    PACIFIC  TIME. 


New  Moon,  May  4,  f"  sc"  a.m. 
First  Quarter,  "  11,1046  p.m. 
Full  Moon,  '•  18,  I  36  P.M. 
Last  Quarter,     "     25,    6  50    p.m. 


New  Moon,  June  2,  9*»  sy*  p.m. 
First  Quarter,  **  10,  5  5  a.m. 
Full  Moon,  "  16,  9  51  P.M. 
Last  Quarter,     **     24,  11  46    a.m. 


The  Sun  reaches  the  summer  solstice  and  begins  his  south- 
ward motion  at  about  7  p.m.  June  21st,  Pacific  time. 

Mercury  will  not  be  in  very  good  position  for  observation 
during  May  and  June.  It  passed  inferior  conjunction  and 
became  a  morning  star  on  April  23d.  It  continues  to  be  a 
morning  star  until  June  24th,  when  it  passes  superior  con- 
junction and  becomes  an  evening  star.  It  attains  its  maximtun 
western  distance  from  the  Sun  (25°  26')  on  the  morning  of 
May  2 1  St.  at  a  time  when  it  is  near  aphelion  in  its  orbit;  so 
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ihe  distance  is  considerably  grtaitr  than  the  average  greale&i 
elongation.  However,  it  is  then  so  far  south  of  the  Sun 
that  its  altitude  above  the  horizon  at  sunrise  and  its  consetiuent 
|_dtiratioii  of  visibility  arc  small.  It  will  at  no  lime  during 
:  present  period  rise  as  much  as  an  hour  before  sunrise, 
3  hence  can  not  be  easily  seen. 
Venus  passed  inferior  conjunction  on  April  27th  and 
me  a  morning  star,  and  by  the  end  of- June  will  have 
"feearly  reached  its  greatest  west  cSongation.  Until  May  14th 
It  moves  westward  among  the  stars,  thus  increasing  Its  ap- 
parent distance  from  the  Sun  (|uite  rapidly.  It  ihen  begins 
10  move  eastward,  but  lags  behind  the  Sun  in  their  common 
motion,  and  follows  a  path  pursued  by  the  Sun  some  week's 
or  months  before.  It  'n  therefore  always  south  of  the  Sim 
during  this  period,  and  does  not  rise  as  long  before  sunrise 
as  it  does  when  it  reaches  a  similar  westward  distance  from 
rhe  Sun  at  another  time  of  the  year.  On  May  1st  it  rises 
less  than  forty  minutes  before  sunrise,  and  at  the  end  of  Jure 
about  two  and  one  half  hours  before.  It  is  however  very 
bright,  and  attains  maximum  brilliancy  on  June  2d,  For 
several  weeks  about  this  lime  it  will  be  visible  to  the  nake  1 
eye  in  full  daylight. 

Mars  comes  to  opposition  with  the  Sun  on  May  Sih.     It 
is  then  above  the  horizon  throughout  the  night,  ynd  it  will 
not  set  until  long  after  midnight  during  the  two-month  period. 
At  the  end  of  June  it  sets  at  about  i  a.m.     It  is  in  the  con- 
stellation Libra,  and  during  the  two  months  moves  westward 
^(retrogrades)  about   12°   until  June  l~th;  then  it  resumes  its 
piastward  motion,  reaching  a  position  at  the  end  of  the  monlli 
nearly  the  same  as  that  occupied  at  the  beginning,  but  a  little 
farther  south.     When  it  begins  to  move  eastward    (on  June 
i/lh)  it  is  about  3°  south  of  the  position  it  held  on  January 
_^th.  and  on  August  14th  it  will  reach  the  position  it  held  on 
2d,  the  Hate  when   it  began  its  retrograde  movement. 
tut  about  7°  south.     The  whole  motion  from  January  28tli 
»  August  14th  is  in  the  shape  of  a  gigantic  S  about  18°  in 
Fibrcadth  and  10°  in'height. 

,\t  the  time  of  opposition  the  planet's  distance  from  the 
^rth  is  about  fifty  millions  of  miles.    This  is  the  least  oppo- 
1  distance  since  the  opposition  of  October  20,  1894,  when 
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the  distance  was  forty  millions.  The  next  opposition  will  occur 
about  July  i,  1907,  and  the  distance  will  then  be  considerably 
less  than  it  is  at  the  present  one,  and  the  distance  at  the  next 
following  one  will  be  still  less.  The  opposition  distance  of 
Earth  and  Mars  is  least  for  an  opposition  coming  near  the 
end  of  August,  because  the  Earth  is  at  that  time  between  the 
Sun  and  the  perihelion  of  Mcers*  orbit.  The  average  time 
from  opposition  to  opposition  is  seven  hundred  and  eighty 
days,  but  it  may  be  twenty  days  or  more  greater  or  less  than 
this,  according  to  the  time  of  year  when  opposition  takes  place, 
successive  oppositions  coming  during  late  summer  or  early 
autumn  being  more  than  eight  hundred  days  apart,  while  those 
\\\  late  winter  or  early  spring  are  about  seven  hundred  and 
sixty  days  apart. 

Jupiter  passes  conjunction  with  the  Sun  on  the  night  of 
May  3-4th  and  becomes  a  morning  star.  On  June  ist  it  rises 
about  an  hour  before  sunrise,  and  will  be  an  easy  object  on 
account  of  its  brilliancy.  C3n  the  morning  of  June  2d  it  is  in 
conjunction  with  Mercury,  the  latter  planet  then  being  about 
2°  south  of  the  former,  and  not  easy  to  see  on  account  of  its 
faintness  and  low  altitude  before  sunrise.  By  the  end  of  June 
Jupiter  rises  about  2  a.m. 

Saturn  rises  at  about  2:30  a.m.  on  May  ist,  and  at  about 
10:30  on  June  30th.  It  is  in  Aquarius,  and  moves  slowly  east- 
ward until  June  14th,  and  then  begins  to  move  westward. 

Uranus  rises  a  little  after  11  p.m.  on  May  ist,  and  come.^ 
to  opposition  with  the  Sun,  rising  at  sunset,  on  June  24th.  It 
is  still  in  Sagittarius,  and  moves  westward  about  2j4^  during 
the  two  months. 

Neptune  is  in  the  western  sky  in  the  evening.  It  is  in  the 
constellation  Gemini,  and  comes  to  conjunction  with  the  Sun 
on  June  30th. 
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(FORTY-EIGHTH)     AWARD    OF    THE    DOXOHOE 

COMET-MEDAL. 

The  Ccxnet-Medal  of  the  Astronomical  Society  of  the  Pa- 
cific  has  been  awarded  to  Michel  Giacobixi,  astronomer, 
Xice,  France,  for  his  discovery  of  an  unexpected  comet  on 
December  17,  1904. 

Committee  on  the  Comet-Medal : 

W.  W.  Campbell, 
\Vm.  H.  Crocker, 
Chas.  Burckhalter. 


( FORTY-XINTHj      AWARD     OF     THE     DOXOHOE 

COMET-MEDAL. 

The  Comet-Medal  of  the  Astronomical  Society  of  the  Pa- 
cific has  been  awarded  to  A.  Borrelly,  astronomer,  Mar- 
seilles, France,  for  his  discover^'  of  an  unexpected  comet  on 
December  28,  1904. 

Committee  on  the  Comet-Medal : 

W.  W.  Campbell, 
Wm.  H.  Crocker, 
Chas.  Burckhalter. 
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Tlie  change  in  the  lieading  of  this  department  of  the  Pt 
licatioiis  has  been  under  consideration  for  some  time.  Tl 
substitulion  of  the  broader  title  "Notes  from  Pacific  Coast  Ol 
servalories"  for  the  "Notices  from  the  Lick  Observatory"  doesT 
not  mean  that  there  has  been  the  least  change  in  the  intimate 
and  cordial  relations  ihal  have  existed  between  the  Lick  Ob- 
servatory and  the  Astronomical  Society  of  the  Pacific  from 
the  time  of  the  Society's  inception.  It  is  rather  a  recogniti( 
of  the  steadily  increasing  importance  of  the  Pacific  Coast  as 
astronomical  center,  of  which  the  recent  founding  of  the  great 
Solar  Observatory  of  the  Carnegie  Institution  at  Ml,  Wilson  is 
substantia!  evidence;  and  it  is  in  harmony  with  the  policy  of 
the  Directors  lo  make  the  Society  what  its  name — the  Aslro^ 
nomical  Society  of  the  Pacific — indicates,  representative  of 
astronomical  interests  of  the  entire  Pacific  Coast. 

Notes   relating   to  the   observatories   west   of   the   R< 
Mountains  or  to  the  work  of  astronomers  in  this  section  of 
country  will  be  prmted  in  this  department.    These  notes  will 
signed,  and  the  author  will  in  every  case  be  responsible  for  th* 
statements  made.     Notes  relating  to  astronomical  work  else- 
where, items  of  interest  taken  from  other  periodicals,  reviews  of 
astronomical  publications,  etc.,  will  be  printed  under  the  head- 
ing "General  Notes."    These  notes  may  or  may  not  be  signi 
the  Editors  accepting  full  responsibility  for  those  unsi] 
Longer  articles  will,  as  heretofore,  precede  these  departments. 

The  co-operation  of  all  members  of  the  Society — and  espe- 
cially of  those  connected   with   observatories  on   the    Pacific 
Coast — in  sustaining  and  increasing  the  value  and  interest 
the  Piiblicalioiis  is  cordially  invited. 

The  Committee  on  Publication. 
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Ilectbic  Lighting,  Power,  and  Pumimng  Plant  fo« 
THE  Lick  Obsebvatoky. 
!  Observalorj-  has  always  been  behind  ihe  times  in  the 
matter  of  an  adequate  supply  of  electric  current.  The  plans 
for  the  institution  were  made  in  the  late  seventies  and  carried 
out  in  the  early  eighties,  before  it  was  known  what  electricity 
would  do,  or  that  it  would  become  a  necessity,  and  an  electric 
plant  was  not  included  in  the  installation.  Partly  to  remedy 
this  defect,  the  Edison  Elcclric  Company  presented  a  three- 
horse-powcr  plant  to  the  Observatory  in  1892.  It  included  a 
steam-engine  and  boiler,  a  one-kilowatt  generator,  and  a  small 
storage  battery.  This  has  been  indispensable  in  the  scientific 
work,  and  for  many  years  has  been  drawn  upon  every  clear 
night,  on  many  occasions  at  a  dozen  different  points  in  the 
observing- rooms.  However,  the  capacity  of  the  plant  has  long 
since  been  outgrown,  even  for  exclusively  .scientific  purposes. 
The  work  frequently  suffers,  both  in  quantity  and  quality,  from 
the  shortage  in  the  supply  of  current.  Facts  bearing  upon  this 
and  other  points  are  brought  out  in  the  following  paragraphs. 

The  Crossley  dome,  set  up  on  Mt.  Hamilton  in  1895,  moves 
unduly  hard,  and  its  operation  is  a  serious  tax  upon  the  physi- 
cal strength  of  the  observers.  This  dome  should  be  operated 
by  means  of  an  electric  motor.  The  winding  of  the  clock  which 
propels  the  Crossley  reflector  has  also  been  a  wasteful  tax  upon 
Ihe  observers'  strength,  and  this  work  should  be  done  by  elec- 
tric power.  Current  is  needed  to  illuminate  the  circles  and  the 
guiding  mechanism  of  the  telescope  and  for  various  other 
minor  purposes  in  the  dome. 

The  75-foot  steel  dome  covering  the  36-inch  refractor  is 
(iperaled  by  a  triple  hydraulic  engine.  This  system  is  only 
fairly  satisfactory,  in  that  the  speed  of  the  dome  is  too  slow,  the 
engine  requires  very  frequent  attention  to  keep  it  in  adjust- 
ment, and  every  few  years  demands  a  general  overhauling. 
Electric  motive  power  would  save  valuable  time  and  be  more 
economical  in  maintenance.  The  automatic  winding  device 
for  the  driving-clock  of  this  telescope  is  operated  by  the  same 
hydraulic  system.  This  device  has  been  in  use  for  two  years, 
and  has  been  very  valuable.  Nevertheless,  it  has  required  fre- 
quent attention  and  repair,  due  to  the  fact  that  the  automatic 
opening  and  closing  of  the  water-valve  is  a  violent  operation. 
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A  satisfactory  system  can  not  be  installed  until  electricity  is 
available  for  power. 

The  quantity  of  current  which  can  be  drawn  upon  to  main- 
tain the  spectroscopes  at  a  constant  temperature  is  entirely  too 
small,  and  the  efficiency  of  the  work  suffers  in  consequence. 
When  the  temperature  in  the  great  dome  falls  rapidly,  the  spec- 
troscopic work  must  stop  for  the  time,  and  the  enforced  idleness 
nf  the  telescope  is  uneconomical. 

The  photometric  observations  of  stars  demand  a  current  of 
constant  intensity.  This  is  not  practicable  with  the  present 
J- mall  supply. 

Current  is  needed  in  various  other  parts  of  the  main  build- 
ing, in  the  Crocker  dome,  and  elsewhere,  for  scientific  pur- 
l)oses ;  but  it  is  not  at  present  available. 

The  Observatory  buildings,  including  all  the  residences,  aro 
illuminated  by  kerosene  lamps.  This  system  is  unsatisfactory 
for  many  reasons.  The  work  demanded  of  the  janitor  and 
others  to  fill  the  lamps  and  keep  them  in  order  is  a  serious 
tax.  More  important  still  is  the  element  of  danger  from  fire. 
( )ur  fire  risks  are  unusually  great,  on  account  of  the  general 
use  of  lamps  and  matches,  of  the  proximity  of  the  buildings  to 
each  other,  and  of  the  prevalence  of  high  winds.  The  subject 
is  on  my  mind  literally  from  week  to  week,  and  every  precau- 
tion to  guard  against  the  danger  is  taken;  but  the  greatest 
source  of  danger  should  be  removed  by  the  substitution  of 
electric  illumination. 

Small  power  plants  have  been  installed  here  and  there  to 
])erforni  our  heavy  work  as  recjuired,  and  they  are  of  various 
kinds.  For  example,  the  water  used  for  domestic  and  photo- 
graphic purposes  is  pumped  from  the  spring  into  the  distribut- 
ing reservoirs  by  means  of  steam  generated  with  wood  fuel. 
I^'or  many  reasons  this  work  should  be  done  by  electric  |>o\ver 
generated  at  a  central  station.  Another  complete  system  of 
waterworks,  which  supplies  power  for  moving  the  great  dome 
und  its  floor,  is  operated  by  wind  power.  This  system  is  satis- 
factory as  to  the  moving  floor,  except  in  the  months  when  there 
is  little  wind.  During  these  months  the  supply  in  the  dis- 
tributing reservoirs  is  low,  and  nearly  every  fall  is  entirely 
exhausted.  The  result  is  that  work  with  the  great  telescope 
sometimes  practically  cea.ses  for  a  week  or  more  in  the  best  sea- 
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son  of  the  year,  and — what  is  far  more  serious — when  the  reser- 
voirs are  empty,  the  Observatory  is  without  adequate  fire  pro- 
tection. A  pump  operated  by  electric  current  from  a  central 
plant  should  be  installed  at  once,  and  be  ready  to  lift  water 
to  the  distributing  reservoirs  when  the  wind  fails. 

Fuel  for  the  Observatory  is  purchased  in  the  form  of  four- 
foot  wood  from  the  neighboring  rancliers.  who  cannot  be  pre- 
"vailed  upon  to  supply  it  in  shorter  lengths.  The  Observatory 
workmen  cut  the  wood  into  the  desired  lengtlis  by  means  of  a 
buzz-saw  operated  by  a  separate  steam  plant. 

The  machine  tools  in  the  instrument-making  and  carpenter 
shops  are  operated  by  a  gasoline  engine.  Small  pieces  of  work 
arc  occasionally  performed  by  means  of  the  current  leading 
directly  from  the  present  little  generator,  .\t  least  a  dozen 
small  primary  batteries  are  maintained  at  various  points  to 
supply  special  needs. 

The  drinking-water  system,  obtaining  its  supply  from  the 
spring,  is  of  sufficient  capacity  in  ordinary  years,  provided 
i;reat  care  is  exercised  to  avoid  alt  leaks  in  the  pipes;  but  in 
lears  of  small  rainfall  the  supply  is  inadequate.  On  three 
'  -coasions  in  recent  years  the  shortage  of  rainfall  made  it  neces- 
■ary  for  us  to  reduce  to  the  lowest  Umits  the  quantity  which 
oinld  be  useil  fur  domestic  and  photographic  purposes. 

.\  perfectly  practicable  method  exists  for  increasing  the 
present  supply  several  fold.  One  of  the  largest  springs  in  this 
vicinity  is  located  on  the  south  slope  of  the  ptak  which  carries 
ihe  storage  reservoirs  for  drinking-water,  at  a  level  680  feet 
lower  than  that  of  the  reservoir,  and  at  a  distance  of  only  1,400 
feet  down  the  slope.  A  responsible  pump  manufacturer  guar- 
antees that  an  automatic  pump,  located  al  a  point  two  hundred 
feet  in  level  below  the  spring,  will  be  able  to  lift  one  seventh  of 
ihc  total  flow  up  to  the  reservoirs,  the  remaining  six  sevenths 
toeing  required  to  operate  the  pump.  Last  year  the  flow  in 
June  was  approximately  fifty  thousand  gallons  per  day,  and  in 
July  thirty-six  thousand  a  day.  The  daily  flow  at  the  end  of 
ihe  last  dry  season,  which  was  of  unusual  length,  placed  it  at 
■.■ighteen  thousand  gallons.  If  one  seventh  of  these  amounts  can 
l>e  placed  in  the  distributing  reservoirs,  the  necessary  demand 
of  the  Observatory  will  be  fully  met.  as  the  average  daily  con- 
sumption heretofore  has  been  less  than  two  thousand  gallons. 
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With  the  spring  upon  which  we  depend  at  present  held  in 
reserve,  there  would  be  little  doubt  that  a  considerable  surplus 
of  available  water  would  exist,  even  in  years  of  low  rainfall. 
Should  this  prove  to  be  the  case,  plans  would  be  instituted  to 
cover  the  bare  slopes  immediately  surrounding  the  Observatory 
with  forest  trees.  An  attempt  to  develop  shade-trees  in  the 
early  years  of  the  Observatory  failed  because  they  could  not 
be  irrigated  during  the  dry  season.  This  question  is  of  con- 
siderable importance  from  the  scientific  point  of  view.  There 
is  little  doubt  that  our  atmospheric  conditions  for  observational 
work,  already  excellent,  would  be  still  better  if  shade-trees 
covered  the  ground.  They  would  prevent  the  excessive  heat- 
ing in  the  daytime  of  the  rock  and  soil  surrounding  the  Ob- 
servatory, and  the  consequent  rapid  radiation  of  heat  in  the 
evening. 

It  requires  no  argument  to  establish  that  our  heterogeneous 
systems  for  supplying  power  and  illumination  should  be  re- 
placed by  a  simple  and  central  electric  plant,  operated  by  a  gaso- 
line engine.  The  officers  of  the  General  Electric  Company  have 
most  generously  examined  into  all  the  above-mentioned  re- 
quirements and  have  drawn  up  plans  to  meet  them,  making  no 
charge  for  the  expert  services  of  their  engineers.  The  subject 
was  brought  to  the  attention  of  the  University  of  California 
authorities,  who  petitioned  the  Governor  and  the  Legislature  of 
the  State  to  make  a  special  appropriation  of  ten  thousand  dol- 
lars for  the  expense  of  installation.  This  appropriation  was 
generously  made  at  the  recent  session  and  the  construction  will 

bcijin  at  once.  .-.    ...    ^ 

T^yiv.    1     ^.  W.  W.  Campbell. 

March,  1905. 

Note  on  tiiii:  Orbit  of  Comet  e  1904. 

In  an  address  on  *'  The  General  Applicability  of  the  Short 
Method  of  Determining  Orbits  from  Three  Observations," 
delivered  before  the  Astrometry  Section  of  the  International 
Congress  of  Arts  and  Science  at  St.  Louis  in  September  of 
last  year,  a  criterion  was  given  which  makes  it  possible  to 
decide  in  the  case  of  a  newly  discovered  planet  or  comet  the 
limits  within  which  the  elements  may  lie.  Comet  e  1904 
(Borreixy)  having  been  found  to  be  periodic  by  Aitken  and 
others  from  longer  arcs,  the  criterion  has  been  applied  to  the 
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short  arc  of  one-day  intervals  of  the  first  three  observations 
secured  by  Dr.  Aitken  at  Mt.  Hamilton,  in  order  to  decide 
whether  the  period  couid  be  approximately  determined  from 
these  first  three  observations,  and  it  was  found  that  the  period 
in  this  case  is  indeterminate.  A  parabola  will  satisfy  the  first 
three  observations,  and  a  number  of  practical  solutions  exist. 
The  indeterminateness  is  due  to  the  nature  of  the  problem, 
id  not  to  the  method  used.  A.  O.  Leuschner. 

Berkhe)    Astkon-omical  Defahtuent. 

ICK  Observatory  Lectures  before  the  Class  in  Modern 
Astronomy.  University  of  Caufohnia. 
Director  CAiiriiELL  has  aimounced  the  following  dates  and 
ibjects  for  the  annual  Lick  Observatory  lectures  to  be  deliv- 
red  this  spring  before  the  class  in  Modern  Astronomy; — 

ly  Director  W.  W.  Campbell: 

1.  Tuesday,    March    21.    u 
Problems." 

2.  Saturday,    March    25,    <, 
Problems,"  continued. 

Astronomer  W.  J.  HusSEY : 

3.  Tuesday,   March   28,    1 1 
Double-Star  Astronomy." 

4.  Thursday,  March  30,  i  r  a.m.—"  Concerning  NebuU 
and  Clusters." 

Assistant  Astronomer  C.  D.  Perkine: 

5.  Tuesday,  April   11,   11   a.m. — "The  N 
of  Jupiter." 

6.  Thursday,  April 


A.M. — "  Current    Eclipse 
A.M. — "  Current    Eclipse 


'  Present   State   of 


■  Satellites 


"  The  Solar  Parallax 


from  Eros  Observations," 

Dr.  TowNLEY,  of  the  International  Latitude  Observatory 
at  Ukiah,  will  follow  with  two  lectures  on  "  Variable  Stars," 
The  lectures  will  be  delivered  in  the  lecture-room  of  the  Stu- 
dents' Observatory,  and  will  be  open  to  the  public. 

A.  O.  Leuschner. 

Bekkei^v  Astronouical  Department. 
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The  Sixth  Satellite  of  Jupiter. 

Owing  to  its  brightness,  the  sixth  satellite  has  been  photo- 
graphed readily  in  ten  minutes  with  the  Crossley  reflector. 
Plates  have  been  obtained  on  thirty-six  nights,  the  last  obser- 
vation being  on  March  22d.  The  planet  is  now  too  near  the 
Sun  for  the  satellite  to  be  observed. 

A  preliminary  investigation  of  the  orbit  shows  the  inclina- 
tion to  the  ecliptic  and  the  planet's  equator  to  be  about  30°.  It 
has  a  period  of  about  two  hundred  and  fifty  days,  its  mean 
distance  being  about  seven  million  miles. 

It  is  not  possible  to  say  yet  with  certainty  what  the  direction 
of  its  orbital  motion  is. 

The  large  inclination  of  the  orbits  of  both  the  sixth  and 
seventh  satellites  to  the  plane  of  the  planet's  equator  suggests 
that  these  bodies  have  not  always  belonged  to  Jupiter,  but  that 
they  may  be  captures. 

The  actual  diameter  of  these  satellites  can  not  be  measured, 

but  the  brightness  indicates  a  diameter  for  the  sixth  of  one 

hundred  miles  or  less.  /-.   tx    t^ 

C.  D.  Pereine. 

1905,  March  30. 

The  Seventh  Satellite  of  Jupiter. 

An  examination  of  negatives  of  the  sixth  satellite  taken 
with  the  Crossley  reflector  on  January  2d,  3d,  and  4th,  showed 
a  much  fainter  object  which  apparently  belong  to  Jupiter.  It 
was  then  north  and  west  of  Jupiter,  and  its  motion  was  toward 
the  planet.  The  difficulties  which  presented  themselves  in 
determining  the  true  character  of  the  sixth  satellite  were  greater 
in  the  case  of  the  new  one.  Being  so  much  fainter,  observations 
were  much  more  difficult  to  secure,  owing  to  the  long  ex- 
posures required.  Its  motion  was  likewise  harder  to  interpret. 
However,  observations  on  February  21st  and  22d  made  it 
clear  that  it  belonged  to  Jupiter. 

The  seventh  satellite  is  not  shown  on  the  negatives  of  De- 
cember, it  being  just  outside  those  fields. 

Observations  have  been  secured  on  twenty  nights,  the  last 
being  on  March  9th. 

A  preliminary  investigation  of  its  orbit  shows  it  to  be  quite 
eccentric,  the  mean  distance  from  Jupiter  being  about  six  mil- 
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lion  miles,  with  a  period  of  about  two  hundred  days.  Its  orbit 
is  inclined  to  the  plane  of  Jupilcr's  equator,  at  an  angle  of 
about  30^,    The  direction  of  motion  is  as  yet  uncertain. 

Its  photographic  magnitude  is  estimated  to  be  not  brighter 
I  the  sixteenth.     In  comparison  with  the  other  satellite^ 
tnd  the  asteroids  this  indicates  a  diameter   of  abiiut  thirty-five 


1903,  March  30. 


C.   D.    PEBRfNE. 


Comet  a  1905. 
The  first  comet  of  the  present  year  has  just  been  discovered 
f  M.  GiAcOBiNi  at  Nice.    According  to  the  telegram  receivcii 
1  -Monday,  March  27th,  the  date  and  position  of  discov- 
f  are  as  follows:    March  26.3212.  G.  M.  T,.  R.  A.  5"  44"° 
o;  DecL  +10°  56'  56". 
An  observation  secured  here  with  the  12-inch  telescope  on 
Monday  evening  gave  the  position,  March  27.6692,  G.  M.  T., 
A.  s""  48"  54'-85 ;  Decl.  +12''  35'  42".9. 
The  comet  is  small  and  faint,  even  when  viewed  through 
the  12-inch  telescope. 
March  28,  1905. 


R.    G.    AlTKEN. 


|!KOTE  ON  THE  Work  of  the  D.  O.  Mills  Expedition  to 
Chile, 

A  recent  letter  from  Professor  Wright,  in  charge  of  the 
'.  O.  Mills  Expedition  to  Chile,  informs  me  that  the  work  of 
asuring  the  radial  motions  of  llie  stars  proceeds  substantialh 
I  accordance  with  the  original  programme.  The  southern 
irinter  was  an  unusually  wet  and  stormy  one,  but  the  late  spring 
1  early  summer  (to  dale)  were  unusually  favorable.  As  by- 
products of  [he  investigation  Professor  Wright  reports  that 
he  and  Dr.  Palmer  have  discovered  seventeen  spectroscopic 
binary  stellar  systems.  A  recent  press  dispatch  from  Santiago, 
published  in  the  papers  of  this  country,  refers  to  the  discovery 
of  twenty  new  stars.  This  is  a  palpable  error,  and  the  number 
undoubtedly  refers  to  the  spectroscopic  binary  systems  discov- 
ered up  to  a  date  considerably  later  than  that  of  the  letter 
spoken  of  above.  W.  W.  Campbell. 
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St.  Louis  Exposition  Awards  for  the  Lick  Observatory 

Exhibit. 

In  accordance  with  the  decision  of  the  University  of  Cali- 
fornia authorities  to  make  an  exhibit  at  the  St.  Louis  Universal 
Exposition  of  1904,  the  Lick  Observatory  prepared  an  ex- 
tensive collection  of  transparency  views  of  the  buildings  and 
surroundings,  of  the  instruments,  and  especially  of  the  prin- 
cipal celestial  objects  and  their  spectra,  together  with  a  complete 
set  of  our  publications,  to  form  a  section  of  the  University 
exhibit.  Unofficial  information  reached  me  in  November  that 
the  departmental  juries  awarded  two  grand  prizes  to  the  Lick 
Observatory, — one  for  the  exhibit  as  a  whole,  and  one  for  the 
photographic  exhibit.  Official  confirmation  of  the  awards  was 
received  late  in  March.  ^y  ^  Campbelu 

The  establishing  of  the  Solar  Observatory  of  the  Carnegie 
Institution  on  Mt.  Wilson,  California,  is  an  event  which  g^ves 
great  pleasure  to  the  members  of  the  Lick  Observatory  staflF. 
Although  the  Lick  Observatory  and  the  Solar  Observatory  are 
separated  by  four  hundred  and  fifty  miles  of  railroad,  twenty- 
seven  miles  of  stage-road  on  Mt.  Hamilton,  and  eight  miles  of 
trail  on  Mt.  Wilson,  yet  the  two  institutions  are  neighbors  in 
comparison  with  the  distance  that  separates  us  from  the  Central 
and  Atlantic  States.  We  wish  complete  success  to  our  neigh- 
bor's plans.  And  may  the  interchange  of  neighborly  courtesies 
be  numerous  and  helpful  to  both  institutions. 

W.  W.  Campbell. 

The  members  of  the  Lick  Observatory  staff  have  learned 
with  deep  regret  that  Mr.  Edward  Crossley,  the  donor  of  the 
Crossley  reflector,  died  at  Halifax,  England,  on  January  21st. 
His  name  is  a  household  word  on  Mt.  Hamilton.  Scarcely  a 
day  passes  that  it  is  not  spoken  in  connection  with  the  work 
of  the  Crossley  reflecting  telescope.  The  direct  results  secured 
with  this  telescope  on  Mt.  Hamilton  indicate  only  in  part  the 
high  value  of  Mr.  Crossley's  gift ;  it  is  not  too  much  to  say 
that  Professor  Keeler's  work  established  for  the  first  time  the 
splendid  efficiency  of  reflecting  telescopes  in  many  branches  of 
astronomical  photography,  whereupon  the  possession  of  power- 
ful reflectors  became  the  ambition  of  astrophysical  observers. 

W.  W.  Campbell. 
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'  Photograpuic  Plates  at  the  Students' 
Observatory, 
Something  less  than  a  year  ago  an  instrument  for  the 
accurate  measurement  of  photographic  plalcs  was  received 
from  the  makers,  Repsold  Sons,  of  Hamburg,  Germany.  It 
is  of  a  type  which  is  generally  concederl  to  give  ihe  highest 
accuracy  possible  in  work  of  this  character  at  something  of 
a  sacrifice  in  the  way  of  speed  of  nianipulalion.  Much  time 
has  been  spent  investigating  the  various  adjustments  of  the 
instrument,  the  straightness  of  the  bars,  scale  errors,  errors  of 
micrometer-screws,  etc.,  which  investigations  are  a  necessary 
,  preliminary  to  the  attainment  of  results  of  a  degree  of  accu- 
f  which  the  instrument  is  capable  of  giving.  In  the  mean 
over  seventy-five  plates  have  been  mado  with  two 
;  portrait-lenses  temporarily  attached  to  the  new  mounting  de- 
scribed by  Dr.  Ghxihan  in  Publications  of  the  Astronomical 
Society  of  the  Pacific  (Vol.  XVI,  p.  89).  Most  of  these  were 
made  with  a  view  to  determining  the  position  of  some  of  the 
Watson  asteroids,  the  orbits  of  which  are  now  under  investi- 
gation at  tliis  observatory.  Measurements  have  already  been 
made  on  some  of  these  plates,  and  others  will  be  measured 

fi  time  to  utilize  the  results  in   the  final  correction  of  the 
ements  of  the  asteroids. 
BeRKELEV     .^STBONOMICAL    DtPAltTME; 
ABLE 


DuHT  L,  Newkirk. 


^Xbles  for  thk  Reduction  of  Photuckaphic  Platks  Made 
WITH  Lenses  of  Wide  Angle. 
In  connection  with  the  work  of  the  measurement  and  reduc- 
tion of  the  photographic  plates  made  with  two  port  rait -lenses 
at  the  Students'  Observatory,  it  has  seemed  advisable  to  con- 
struct certain  numerical  tables  to  simplify  the  reduction.  Three 
tables,  with  the  help  of  which  the  transformation  from 
standard  rectangular  coordinates  to  a  —  Ug  and  8  —  8,,  and  the 
converse  transformation  are  to  be  effected,  are  at  present  in 
course  of  construction.  The  tables  are  to  be  of  such  an  extent 
as  lo  be  applicable  to  all  stars  on  a  plate  covering  10"  of  Decli- 
nation and  20°  of  Right  Ascension,  and  will  give  results 
nccurate  to  about  o".oi  for  stars  within  1°  of  the  center,  and 
to  about  o",i  for  stars  farther  from  the  center.  These  tables 
I  of  course  be  used  in  reducing  measures  made  on  a  plate 
ikcn  with  any  photographic  telescope. 
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Another  series  of  tables  is  to  be  constructed  to  facilitale 
the  introduction  of  corrections  for  refraction  and  other  correc- 
tions which  are  troublesome  in  reducing  measures  made  on 
plates  covering  large  areas  of  the  sky. 

The  formulae  taken  as  fhe  basis  of  these  tables  are  those 
given  by  Professor  Turner,  but  the  refraction-table  will  g^ve 
all  of  the  differential  refraction  so  that  the  four-constant  solu- 
tion for  the  plate  constants  which  is  recommended  by  Professor 

Tacoby  may  be  employed  if  desired.         _,         r    xt 

•^  -^  ^   '  Burt  L.  Newkirk. 

Berkeley  Astronomical  DErARTMEXT. 

Note   on    a    Correction    to   the    Second   Edition   of 

SCHONFELD  AND  KrEUGER'S  **  AtLAS  DES  NoRD- 
LICHEN    GeSTIRNTEN    HiMMELS/' 

Upon  comparing  two  photographic  plates  taken  at-  the 
Students'  Observatory  the  night  of  1905,  March  7,  with  this 
map,  a  star  of  about  8.5  magnitude  contained  upon  the  map 
in  a  =  11^  14™.!  and  8  =  -|"  1^°  25'  was  found  missing  on  the 
plates.  Reference  was  then  made  to  the  Durchmusterung 
positions,  and  no  star  was  found  having  these  coordinates, 
showing  the  Atlas  position  to  be  an  error. 

Russell  Tracy  Crawford. 

Berkeley   Astronomical  Dei*artment. 

The  Variable  Radial  Velocity  of   Sirius,  and  the  In- 
clination OF  ITS  Orbit-Plane. 

The  determination  of  a  double-star  orbit  from  micrometer 
observations  of  the  primary  star  and  its  companion  leaves  an 
ambiguity  as  to  the  inclination  of  the  orbit-plane  to  the  line  of 
sight.  There  are  two  positions  of  the  orbit-plane  which  satisfy 
the  observations  equally  well.  At  any  given  instant  the  com- 
panion may  lie  beyond  the  primary  or  at  an  equal  distance- this 
side  of  the  primary.  The  orbital  motion  of  the  companion  may 
be  carrying  it  either  further  from  the  observer  or  nearer  to  him. 
The  observations  do  not  permit  us  to  decide  which  of  the  two 
positions  is  the  correct  one. 

If  the  two  stars  are  also  observable  accurately  by  means  of 
a  spectrograph  for  motion  in  the  line  of  sight,  a  comparison  of 
their  speeds  toward  or  from  the  observer  will  remove  the  ambi- 
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"gtiily  in  the  value  of  the  inctination  of  the  orbit-plane.  If  only 
one  of  the  stars  is  observahle  spectrographically,  the  removal 
of  the  ambiguity  requires  that  the  observations  be  continued 
long  enough  to  decide  as  to  whether  it  is  the  orbital  motion  to 
or  from  the  observer  that  is  accelerating. 

The  parallax  and  the  elements '  of  the  orbits  of  the  binary 
star  Sirius  are  probably  more  accurately  determined  than  in  the 
case  of  any  other  double  star,  with  the  possible  exception  of 
aCenlauri.    Zwiebs's  elements  on  the  above  system  are:" 
P  —  48.8421  years 
T  =  1894.0900 
"  =  7''-594 
e  =  0-5875 
n ^     44° 30.2  ( 1900.0) 

<t  ^      147  53.6,  position  angles  decreasing 
»—  ±  46  01.9 
p.  =  7°. 37069 

;  wei^tcd  mean  value  of  the  Cape  of  Good  Hope  deter- 

lEtions  of  the  parallax  is  o".37.^  Alwers's  result*  for  the 
elative  masses  of  Strius  and  its  companion  is  2,20:1.04. 

Lehmann-Filiies°  has  developed  a  very  convenient  for- 
mula for  determining  the  radial  velocity  of  a  star  due  to  its 
orbital  motion, 

If  we  let  the  radial  velocity  V  be  expressed  in  kilometers  per 
second,  a  in  seconds  of  arc,  P  in  mean  solar  years,  w"  the  star's 
parallax  in  seconds  of  arc,  149,500,000  the  mean  distance  of  the 
Snn  in  kilometers  corresponding  to  a  solar  parallax  of  8" .80, 
and  let  v  represent  the  true  anomaly  at  the  instant  for  which 
('  is  desired,  then 


I 


r49,50o.oooflgTsin 


365.25    86.40O* 
'   ['-'47372] 


'/■/.- 


f[(cos»4 


[C  COS  lu  -(-  COS  (v  +  Hi)]  . 


Care  must  be  taken  to  distinguish  between  the  motions  of 
le  companion  with  reference  to  the  primary,  and  of  the  pri- 


»  sir  D««iii  Gii-t.  Afair.  Nol.  Jf.  A.  S.,  Vol.  jS.  9 
*  Ailnmamiii-kt  JVachrichlfH,  Vol,  T19,  3ji.  1B91. 
>  Aitr.  Nach..  Vol  i]6.  i»,  iB^,  cqiuiiian  Ii). 
■  LARHithm  at  (be  hclor  cootutit  tor  ill  otbiti. 
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mary  and  secondary  with  reference  to  the  center  of  mass  ot 
the  system. 

The  value  of  V  for  the  companion  of  Sirius  with  reference 
to  the  primary  becomes 

F=  =F  5536  ±  1 1. 125  cos  {v  +  147°  53'.6). 

It  follows,  from  Auw^ers's  values  of  the  relative  masses,  that 
the  radial  velocities  of  the  primary,  with  reference  to  the 
center  of  mass  of  the  system,  are  given  by 

K  =  ±l'^^  [—5.536  +  1 1. 125  cos  (v  +  i47°53'.6)] 
3-24 

K  =  ^  1.777  ±  3-571  cos  (v  +  147*"  53'.6). 

The  maximum  relative  velocities  of  approach  and  recession 
occur  at  the  two  nodal  points  of  the  orbit, — that  is,  when  the 
primary  and  companion  are  at  the  same  distance  from  the  ob- 
server,— and  the  extreme  range  of  the  primary's  speed  is  the 
arithmetical  sum  of  these  maxima,  or  5.35  +  1.79  =  7.14'^"*. 

The  bright  component  of  Sirius  is  easily  observable  for 
motion  in  the  line  of  sight.  Thirty-three  spectrograms  have 
been  secured  with  the  Mills  spectrograph  since  the  year  1896. 
Mr.  Keiven  Burns,  Carnegie  Assistant  in  the  Lick  Observa- 
tory, has  recently  made  definitive  measures  of  all  of  them.  The 
following  table  contains  these  observations,  as  well  as  those 
made  at  the  Potsdam,  Paris,  and  Yerkes  observatories,  which 
are  all  that  are  known  to  me.  They  are  combined  into  groups, 
those  forming  each  group  covering  only  a  short  interval  of 
time.  The  number  of  observations  in  each  group  is  indicated 
in  column  three.  The  negative  sign  in  column  four  indicates 
approach. 

Neglecting  the  plate  of  1898.07,  which  is  very  poor  and 
stands  alone,  there  is  an  unmistakable  progression  in  the  re- 
sults, which  we  attribute  to  the  effect  of  orbital  motion. 
Whether  the  irregularities  in  the  progression  are  real,  and  due 
to  unrecognized  disturbing  forces  in  the  system,  or  are  purely 
accidental,  cannot  now  be  stated ;  but  they  should  be  examined 
in  connection  with  future  series  of  observations. 

The  observed  progression  is  in  the  direction  of  algebraically 
decreasing  velocities,  and  this  determines  that  the  positive  value 


Astronomical  Society  of  the  Pcuific,  69 

of  the  inclination  i,  -f-  44°  3o'.2,  is  the  correct  one,  and  that 
the  negative  sign  of  i  is  to  be  discarded. 

The  observed  velocity  should  equal  the  computed  orbital 
velocity  plus  the  velocity  of  the  center  of  mass  of  the  system. 
If  we  let  Fn»  represent  the  velocity  of  the  center  of  mass,  then 
each  observation  supplies  an  equation  of  the  form 

Combining  the  thirty-three  equations,  we  obtain  as  the  velocity 
of  the  system  of  Sirius, 

V^  =  —  7.4''"  per  second. 

The  computed  relative  orbital  velocity,  Fj,  of  the  primary  is 
given  in  column  five.  The  last  column  contains  the  corre- 
sponding values  of  Fj  +  F„  =  F^  —  7.4^^™. 


Observations 
made  at 

No.  of 
Observations    Observed 
Date.      Combined.      Velocity. 

r. 

K+  K 

Potsdam 

1888.99 

3 

—13-9'^ 

— 0.92""° 

—8.3""" 

Potsdam 

1890.09 

3 

— 17.0 

— 0-37 

7-7 

Paris 

1891.17 

I 

—  1.2 

+0.49 

— 6.9 

Potsdam 

1891.20 

4 

—14.9 

+0.52 

—6.8 

Paris 

1895.21 

I 

—  4.1 

+5-30 

— 2.1 

Uck 

1896.97 

8 

3-2 

+426 

31 

Lick 

1898.07 

I 

[-  5-9] 

+3-43 

3-9 

Lick 

1898.74 

4 

-3-6 

+2.99 

4-4 

Lick 

1899.92 

6 

-4.8 

+2.33 

50 

Lick 

1901.93 

I 

—  4.8 

+1-47 

5-9 

Yerkes 

1902.06 

10 

—  6.9 

+  1.42 

5-9 

Lick 

1903.07 

9 

—  6.9 

+  1.09 

-6.3 

Lick 

1904.95 

2 

—  5-4 

+0.58 

—6.8 

Lick 

1905.12 

2 

—  7-4 

+0.54 

— 6.9 

Assuming  that  Gill's  parallax,  Zwiers's  elements,  and 
AuwERs's  relative  masses  of  the  two  stars  are  correct,  the 
fourth  and  sixth  columns  should  agree.  We  arc  justified,  I 
think,  in  attributing  the  differences  between  the  values  in  the 
columns  almost  entirely  to  errors  in  the  observations. 

W.  W.  Campbell. 
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Note  on  the  Binary  Stars  /3  208  and  p  524. 

Two  recent  observations  of  the  binary  star  )9  2o8  made 
with  the  36-inch  telescope  show  that  the  angular  motion  of  the 
companion-star  has  been  fully  90°  since  1898.  The  distance 
has  diminished  decidedly  in  the  same  interval.  My  measures 
give  the  following  position : — 

1905.18  167°. 6  o".30  2°. 

If,  as  now  seems  likely,  the  orbit  is  very  eccentric,  it  will 
be  possible  in  five  or  six  years  to  compute  a  satisfactory  orbit 
for  this  pair.  The  system  is  also  of  interest  because  of  its 
large  proper  motion — o".48  in  the  direction  328°. 

The  binary  star  20  Persei  =  p  524  has  for  several'  years 
been  a  difficult  object  to  measure,  even  with  the  36-inch  tele- 
scope. The  apparent  distance  between  the  components  is  now 
increasing,  and  will  probably  continue  to  nicrease  for  a  number 
of  years,  though  its  maximum  value  will  not  greatly  exceed 
o".3.  As  this  pair  belongs  to  the  class  of  short-period  binaries, 
the  periodic  time  not  being  much  more  than  thirty  years,  it 
deserves  annual  measures  by  observers  having  telescopes  ade- 
quate to  such  work. 

My  last  measures  arc: — 

1904.83  5 ''.8  o".i6  2°. 

March  24,   1905.  R.  G.  AlTKEN. 

Note  on  Comet  c  1904. 

Comet  c  1904,  discovered  by  M.  Borrelly  on  December 
28,  1904,  has  proved  to  be  an  object  worthy  of  more  attention 
than  was  at  first  suspected,  for  it  is  traveling  in  an  elliptic 
orbit,  and  hence  is  a  member  of  the  solar  system,  not  a  chance 
visitor. 

This  discovery  was  made  by  M.  Favet  at  Paris,  and,  hide- 
pendently,  by  the  present  writer.  My  orbit,  based  upon  my 
observations  of  December  31,  1904,  January  17,  and  Januar)- 
27»  1905,  gives  a  period  of  7.3  years;  M.  Favet's  revised 
'elements,  derived  from  normal  places  representing  the  obser- 
vations from  December  30,  1904,  to  January  26,  1905,  make 
the  period  a  little  shorter,  7.0  years. 

In  other  respects  the  two  orbits  are  verv  similar,  and  the 
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ctilicmerides  to  April  ist,  computed  from  ihcm.  differ  but 
litil*.  either  set  being  amply  accurate  for  the  observer's  purpose. 

An  observation  seaired  with  the  36-inch  on  March  22, 
1905.  indicates  a  motion  a  very  little  more  rapid  than  that 
predicted,  and  it  is  probable  that  a  definitive  discussion  of  the 
observations  made  at  this  apparition  will  give  a  period  falling 
a  little  under  seven  years. 

The  comet  is  now  too  faint  for  good  observations  with  3 
12-inch  telescope,  and  is  not  likely  to  be  visible  very  much 
longer,  even  with  Ihe  3r)-inch. 

March  44.   1905. 


R. 


International  Latituok  Ousi;hvato«v,  L'kiaii,  Cal. 

The  programnic  of  the  International  Geodetic  Association 

[or  observing  variations  of  latitude  was  continued  throughout 

IO4  without  modification  or  interruption.     Good   observing 

at  her   prevailed    throughout   the   year,   except   during   the 

lonths  of  February  and  March,  when  thirty-one  inches  of  rain 

rfl.     Meteorological  observations  have  been  kept  at  Ukiah  for 

kwrenly-seven  years,  and  1904  is  the  first  year  during  that  time 

which  a  measurable  amount  of  rain  tell  every  month.    The 

tn-c  longest  intcr\'als  without  observations  were  seven  nights 

I  April,  fourteen  nights  in  August  and  nine  nights  in  October. 

'  Tlic  interval  in  August   was  caused  by   the  absence  of  thu 

pbscrvcr  from  the  observatory ;  those  in  April  and  October  to  a 

mibination  of  unfavorable   weather  and  the  absence  of  the 

Ihserver. 

The  following  table  gives  a  summary  of  the  observations 

ide  for  the  variation  of  latitude.     The  second  column  gives 

the  number  of  nights  in  each  month  on   which  observations 

fere  obtained.     The  last  column  gives  the  greatest  interval 

ich  month  during  which  no  observations  were  obtained: — 


January 242 

February   114 

March 122 

.\pril    182 

May 23y 

June 1)7 
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1894.  Pairs.         Nifi^hts.        Nights. 

July    271  18  6 

August 219  15  14 

September 232  16  4 

October   249  17  9 

November  196  16  6 

December    171  12  6 

Totals 2434         173 

The  probable  error  of  a  single  determination  of  latitude, 
computed  from  183  observations  of  zenith  pairs,  made  during 
November  and  December,  was  found  to  be  ±:o".i09. 

The  meridian  targets,  by  which  the  azimuth  of  the  instru- 
ment is  controlled,  have  remained  in  excellent  adjustment  ever 
since  they  were  put  in  place  in  the  fall  of  1899.  '^^^  error  of 
adjustment  since  that  time  has  been  always  less  than  one  second 

of  time.  j^  ^   ^ 

Sidney  D.  Townley. 


GENERAL    NOTES. 


Pergonal  Scale. — After  making  about  three  thousand  photo- 
I metric  settings,  it  occurred  to  the  writer  to  determine  his  "per- 
tlonal  scale"  in  the  estimation  of  tenths  of  a  division,  as  for- 
I  merly  done  by  Dr.  Fr,*nk  Schlesisgek  and  published  in  this 
I  journal.  (Vol.  XV,  p.  207.)  During  the  past  year  1  have 
Iso  made  time  observations  and  clock -comparisons  which  give 
I  data  for  similar  determinations. 

The  photometer  readings  were  made  on  a  circle  divided  into 
single  degrees.  The  observer's  attention  was  fixed  on  making 
sure  of  the  whole  number  of  degrees,  and  no  great  pains  were 
taken  to  determine  the  tenth.  The  series  of  readings  was 
divided  into  six  sets  of  500.  Below  is  given  a  table  of  per- 
centages of  times  that  each  tenth  was  estimated.  The  original 
per  cents  and  means  were  taken  one  place  farther,  but  it  seems 
best  to  round  off  the  results: — 


All  of  the  above  estimates  were  made  before  the  observer 
had  thought  whether  he  was  giving  preference  to  any  tenth 
or  not.  I  might  have  foretold  that  there  would  be  an  excess 
of  zeros,  but  it  was  a  surprise  to  find  so  many.  I  seem  to  have 
a  habit  of  rounding  off  a  one  or  a  nine  to  a  zero.  A  pre- 
I  pondcrance  of  twos  and  eights  over  the  adjacent  odd  digits. 
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would  also  be  expected,  as  my  habit  in  computing  is  to  choose 
the  even  number  in  dropping  a  final  five. 

The  estimates  in  photometer-readings  were  made  when 
the  observer  had  plenty  of  time,  but  was  paying  little  attention 
to  the  exact  tenth.  We  might  therefore  expect  an  entirely  dif- 
ferent "personal  scale"  in  observing  eye-and-ear  transits.  I 
have  counted  the  tenths  in  a  number  of  time-observations,  made 
with  a  three-inch  transit  throughout  a  period  which  included 
that  of  the  photometric  work.  In  the  time  series  the  principal 
aim  was  to  determine*  the  tenth  of  a  second  by  estimates  of 
spaces  on  each  side  of  a  wire.  The  chronometer  beats  half 
seconds,  but  the  space  was  estimated  at  each  second.  The 
observations  have  been  grouped  according  to  declination,  the 
first  group  containing  some  stars  south  of  the  equator. 


eclinatioii. 
Tenths. 

S.  of  40®. 

35a 
Transits. 

40°-«o''. 

163 

Transits. 

6o»-8o\ 
Transits 

.0 

25 

27 

32 

.1 

10 

4 

5 

.2 

8 

5 

11 

.3 

4 

6 

3 

.4 

9 

8 

4 

•5 

18 

28 

28 

.6 

5 

5 

4 

mm 

3 

5 

3 

.8 

II 

7 

II 

•9 

7 

5 

3 

100 


100 


100 


There  are  more  zeros  and  fives,  especially  in  the  case  of 
the  slow  north  stars,  where  many  estimates  could  only  be  made 
to  the  nearest  half-second. 

It  is  my  daily  habit  to  compare  a  mean  time  with  a  sidereal 
clock.  Each  clock  beats  seconds  and  the  difference  is  esti- 
mated to  tenths.  There  was  always  plenty  of  time  for  the 
estimate,  but  I  did  not  wait  for  the  coincidence  of  beats.  The 
results  of  the  two  other  series  are  printed  again  for  comparison 
with  the  clock  set. 
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The  photometer  readings  were  niaOe  wholly'  with  the  eye, 

ihe  transits  with  eye  and  ear,  and  the  clock-comparisons  with 

r  alone.    The  conditions  being;  so  different,  we  would  expect 

I  the  "scales"  to  be  very  unlike.    1  see  no  reason  for  endeavoring 

10  make  the  scale  uniform,  but  for  a  time  I  shall  probably 

remember  and  not  record  so  many  zeros,  and  perhaps  be  care- 

^iul  to  see  more  sevens.  Joel  Stebbins. 

^h       Univebsitv  of  iLUNnis  OnsERVATORv.  February,   11)05. 

^K  At  the  meeting  of  the  American  Association  for  the  Ad- 
Hyancement  of  Science,  held  in  Philadelphia  during  Convocation 
I^Week.  Professor  Alexander  Zuvet,  of  the  University  of 
.Michigan,  presided  over  Section  A,  Mathematics  and  Astron- 
omy. Professor  W.  S.  Eichelbergeb,  of  the  Naval  Observa- 
tory, was  elected  vice-president  of  the  section  for  the  next 
meeting.  Following  is  a  list  of  the  astronomical  papers  pre- 
sented at  the  meeting: — 

Synchronous  Varialions  iii   Solar  and  Meteorological  Phenomena:    H. 

W.   Clouch,   U.   S.   Weather   Bureau,   Washington,    D.   C. 
'J'cmperature  Corrections  oE  ihc  Zenith  Telescope  Micrometer,  Flower 

.\stronomicaI  Observatory:  C.  L.  Dooi.itti.e,  University  of  Pcnn- 

iults  from  Observations  of  the  Sun,  Moon,  and  Planets  for  Twenly- 
J.  R.  Eastman,  Andover,  N.  H. 

if  the  Solar  Rotation  Peiiod  from  Flocculi  Positional  , 
Fox,  Verkes  Observatory. 
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J  he  Computaiion  of  the  Deflections  of  the  Vertical  Due  to  the  Topog 

raphy  Surrounding  the  Stations:    J.  F.  Hayford.  U.  S.  Coast  and 

Geodetic  Survey,  Washington,  D.  C. 
On   Systematic  Errors  in  Determining  Variations  of  Latitude:   Some 

Experiments   on   the    Distortion   of   Photographic   Films:     Frank 

ScHL£SiN'GES,  Ycrkcs  Observatory. 
Bibliography    and    Qassification    of    Mathematical    and    Astronomical 

Literature  at  the  Library  of  Congress:  J.  D.  Thomson,  Library  of 

Congress,  Washington,  D.  C. 
On  an  Optical  Method  of  Radial  Adjustment  of  the  Axes  of  the  Trucks 

of  a  Large  Observatory  Dome:  David  Todd,  Director  of  Amherst 

College  Observatory. 
The  Application  of   Mayer's   Formula   to  the   Determination  of  the 

Errors  of  the  Equatorial :    L.  G.  Weld,  State  University  of  Iowa. 


The  annual  general  meeting  of  the  Royal  Astronomical 
Society  took  place  in  London  on  February'  loth,  when  the 
American  Ambassador,  the  Hon.  J.  H.  Choate,  attended  to 
receive  the  Society's  gold  medal,  which  has  this  year  been 
awarded  to  Professor  Lewis  Boss,  director  of  the  Dudlev  Ob- 
serv'atory,  Albany,  New  York,  for  his  long-continued  work  on 
"The  Positions  and  Proper  Motions  of  Fundamental  Stars." 
Professor  Boss  has  distinguished  himself  as  an  astronomer 
not  only  in  America,  but  in  other  countries,  where  he  has  beeii 
elected  to  the  membership  of  prominent  scientific  associations, 
notably  the  Royal  Astronomical  Society,  the  National  Academy 
of  Sciences,  and  the  Astronomische  Gesellschaft,  Leipzig.  He 
is  the  author  of  numerous  valuable  monographs  on  astronomi- 
cal topics. 

The  Jackson-Gwilt  medal  of  the  Society,  which  is  awarded 
occasionally  for  work  of  the  less  ambitious  kind,  was  given 
this  year  to  Mr.  John  Tebbutt,  an  amateur  astronomer,  of 
New  South  Wales,  who  has  maintained  an  observator>*  for 
forty  years. 

The  assistant  secretary,  ^Ir.  Wesley,  was  presented  with 
a  purse  of  money,  as  a  token  of  the  Society's  appreciation  of 
his  work  during  the  thirty  years  he  has  now  held  his  office. — 
London  Standard. 

The  sixth  meeting  of  the  Astronomical  and  Astrophysical 
Society  of  America  was  held  in  Philadelphia  during  Convoca- 
tion Week,  in  affiliation  with  the  American  Association   for 
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the  Advancement  of  Science.  Professor  Simon  Newcomb 
was  again  re-elected  president  of  the  Society.  The  list  of 
papers  presented,  abstracts  of  which  may  he  found  in  Science 
for  March  17th,  was  as  follows: — 

The  CoDsiant  of  Aberration :  C.  L.  Doolittle. 

A  Test  o£  the  Transit  Micrometer;  John  F.  Havfobu, 

Rcnieasuremcnt  of  the  Hough  Double  Stars:  Euc  Doolittle. 

Novel  Design  (or  Rotating  Dome  Track :  D.  P,  Todd. 

A  Smdy  of  Driving- Worms  of  Pholographic  Telescopes:    E.  S,  King. 

The  Reflex  Zenith  Tube :  C.  h.  DooLriTLE. 

Variations  of  the  Bright  Hydrogen  Lines  in  Stellar  Spectra:  .\nnie  J. 

Variable  Stars  in  Large  Nebulous  Regions;  Henuietta  S.  Leavitt. 
inetary  Spectrograms,  ihc  Work  of  V.  M.  Supues  and  C.  O.  Lami-- 

land:  Percival  Loweix. 
Canals  of  Mars:  an  Investigation  of  Their  Objectivity:    Percival 

Lowell, 

Note  on  Three  Solar  Periods;  Fsank  H.  Bigelow. 
The  Coordination    of    Visual    and    Photographic    Star    Magnitudes : 

John  A.  Parkhukst, 
The  Quadruple  System  of  Alpha  Geminorum:   Hebek  D.  Curtis. 
Use  of  ihe  Method  of  Least  Squares  to  Decide  Between  Conflicting 

Hypotheses:    Harold  Jacoiiy. 
Tables    for    the    Reduction    of    Astronomical    Photographs:     Harold 

Jacoby, 
Recent  Researches  of  the  Henry  Draper  Memorial :  Edwarii  C.  Pick- 

EBING. 

Calibration  of  a  Photographic  Photometer  Wedge :  Ormond  Stone. 

NIotc  on  Two  Variable-Star  Catalogues :  J.  G.  Hacen. 

Useful  Work  for  a  Small  Equatorial:   Discussion,  opened  by  Epwabo 

tC.  Pickering. 
The  following  notes  have  been  taken  from  recent  number? 
Science: — 

The  Observatory  of  Amherst  College  is  to  have  a  new 
equatorial  telescope  of  eighteen  inches  aperture.  The  glass  for 
the  objective,  which  is  now  completed,  was  cast  by  Mantois 
of  Paris,  and  the  lenses  were  ground  by  Mr.  C.  A.  R.  Lt;NDiK, 
optical  expert  of  the  firm  of  Alvan  Oark  &  Sons. 

Professor  A.  Auwers,  the  eminent  astronomer  of  Berlin, 
has  been  elected  an  honorary  member  of  the  St.  Petersburg 
Academy  of  Sciences. 

M.  Paul  Henry,  the  French  astronomer,  died  on  January 
I,  as  a  residt.  it  is  said,  of  a  cold  in  the  Alpine  Observatory 
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on  Grand-Montrouge.  This  was  also  the  cause  of  the  death 
of  his  brother  Prosper,  who  died  in  1903.  The  brothers  are 
well  known  for  the  work  that  they  carried  on  together  in 
astronomical  photography,  especially  in  connection  with  the 
great  international  chart  of  the  heavens. 

Professor  Ernst  Abbe,  of  Jena,  well  known  for  his  im- 
portant improvements  in  the  microscope  and  other  optical 
instruments,  which  he  constructed  in  partnership  with  Carl 
Zeiss,  died  on  January  i6th  at  the  age  of  sixty-four  years. 

M.  Janssen,  director  of  the  Observatory  at  ,Meudon,  has 
been  elected  a  member  of  the  St.  Petersburg  Academy  of 
Sciences. 

M.  S.  J.  P.  Polie,  honorary  director  of  the  Observatory  of 
Brussels,  died  on  January  29th,  at  the  age  of  seventy-one  years. 
The  death  is  also  announced  of  Professor  T.  Bertelli,  the 
Italian  astronomer. 

Dr.  E.  O.  LovETT,  professor  of  mathematics  of  Prince- 
ton University,  has  been  elected  professor  of  astronomy  to 
succeed  Professor  C-  A.  Young,  who  has  become  professor 
emeritus. 


Mr.  Edward  Ckosslev,  of  Halifax,  England,  and  a  mem- 
ber of  the  Astronomical  Society  of  the  Pacific,  died  on  January 
21  St' in  his  sixty-third  year.  He  had  been  three  times  Mayor  of 
the  borough,  and  was  a  Member  of  Parliament  for  seven  years. 
Apart  from  his  engrossing  business  pursuits,  the  late  gentle- 
man was  devotedly  attached  to  the  study  of  astronomy,  and 
was  a  Fellow  of  the  Royal  Astronomical  Society.  He  will  be 
best  known  on  the  Pacific  Coast  as  the  donor  of  the  Crossley 
reflecting  telescope  at  the  Lick  Observatory,  with  which  much 
useful  work  in  celestial  photography  has  been  accomplished; 
and  it  was  by  means  of  this  instrument  that  the  sixth  and 
seventh  satellites  of  Jupiter  were  discovered. 


Royal  Philosophical  Society  of  Glasgow. — At  a  meeting  of 
the  Royal  Philosophical  Society  of  Glasgow — Dr.  David  Mur- 
ray presiding — Professor  L.  Becker,  Ph.D.,  delivered  the 
centenary  lecture  on  "The  Progress  of  Astronomy  in  the  Nine- 
teenth Century."    Treating  of  the  constitution  of  the  Sun,  the 
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lecturer  explained  the  spectroscopic  and  photc^raphic  evidences 
which  had  led  to  present-day  views  regarding  that  subjeci. 
The  whole  body,  he  said,  was  considered  to  be  in  a  gaseous 
state,  pressure  and  temperature  stcatlily  increasing  inwards. 
At  the  level  of  the  Sun's  visible  outline,  where  the  pressure  of 
the  gases  is  about  five  atmospheres,  and  the  temperature  six 
thousand  degrees  centigrade,  the  conditions  are  such  that  some 
of  the  gases,  carried  upwards  by  currents  or  explosions,  con- 
dense and  form  clouds.  From  this  sheet  of  clouds  we  receive 
our  light  and  Ileal.  Most  of  the  elements  occur  in  the  solar 
atmosphere,  but  in  the  interior  of  the  Sun  they  are  probably  in 
the  state  of  combination.  When  by  any  cause  the  mixture  of 
gases  moves  from  the  interior  upwards,  where  pressure  and 
temperature  are  less,  dissociation  will  ensue  resembling  an  ex- 
plosion. Gases  will  rush  to  the  surface,  giving  the  appearance 
of  a  prominence,  and  cooling  by  expansion,  clouds  will  be 
formed  at  a  high  level  in  the  solar  atmosphere.  The  eruption 
is  anali^ous  to  a  cj'clone  in  our  atmosphere,  and  it  is  accom- 
panied by  an  anticyclone.  The  gases  will  become  heated  in 
their  downward  motion  and  dissolve  the  cloud  sheet  below.  At 
the  same  lime  the  withdrawal  of  matter  below  is  followed  by 
an  inrush  of  gases  from  the  surrounding  regions.  They  will 
cool  by  expansion,  and  produce  the  comparatively  dark  layer 
which,  viewed  from  the  opening  in  the  cloud  sheet,  appears  as 
the  dark  background  of  a  sun-spot.  The  corona  which  emerges 
from  the  solar  atmosphere  is  supposed  to  consist  of  detached 
exceedingly  small  particles,  which  float  near  the   Sun.  their 

Iight  being  balanced  by  the  pressure  of  the  light-rays.  Nega- 
vely  charged  particles  of  a  similar  size  are  pushed  into  space 
by  tlie  light-rays,  and  they  form  the  connection  between  solar 
activity  and  magnetic  disturbances  on  the  earth. — The  Scots- 
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To  be  an  Astronomer. — The  late  Dr.  E.  A.  Meredith,  one 
of  the  presidents  of  the  Toronto  Astronomical  Society,  said  that 
Sir  William  Rowan  Hamilton,  Astronomer  Royal  of  Ire- 
land, when  asked,  at  a  time  when  Saturn  was  favorably  placed, 
if  he  had  been  observing  that  planet,  replied,  "No ;  he  left  that 
|i  lor  others — the  mathematics  of  astronomy  were  enough  for 
So  even  Sir  Isaac  Newton  had  Flamsteed  make  the 
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lunar  observations  on  which  he  depended  for  the  verification  of 
his  theory  of  gravitation.  One  may  be  an  astronomer  without 
using  the  telescope.  But  if  one  desires  to  be  an  observational 
astronomer,  he  must,  according  to  Dr.  D.  B.  Marsh,  of  Ham- 
ilton, possess:  (i)  A  sound  physical  frame;  (2)  Enthusi- 
asm such  that  the  cold  of  winter  or  the  heat  of  summer,  or 
even  the  feeling  of  weary  bones  by  night  or  by  day,  will  not 
prevent  observation  and  making  records  thereof;  (3)  He  must 
use  faithfully  what  equipment  he  has  and  remove  the  word 
"can't''  from  his  vocabulary ;  (4)  Undertake  work  that  seems 
to  him  difficult  and  stay  with  it  until  he  has  mastered  it ;  then 
take  up  another  problem  and  persevere  with  that  likewise. — 
From  the  Proceedings  of  the  Royal  Astronomical  Society  of 
Canad'a,  ipo2  and  190J. 

The  Date  of  Easter  in  ipo^. — The  Prayer-Book  rule  for 
finding  the  date  of  Easter  runs  thus :  '* Easter-day  is  always  the 
first  Sunday  after  the  full  moon  which  happens  upon,  or  next 
after,  the  twenty-first  day  of  March ;  and  if  the  full  moon  hap- 
pens upon  a  Sunday,  Easter-day  is  the  Sunday  after."  But 
according  to  the  almanacs  the  Moon  is  full  at  4**  56™,  Greenwich 
mean  time,  on  the  morning  of  March  21,  1905.  Why,  then,  is 
not  Easter-day  in  1905  the  following  Sunday — viz.,  March 
26th — instead  of  April  23d,  the  date  given  in  the  almanacs  ?  Is 
the  Prayer-Book  wrong,  or  is  the  Nautical  Almanac  wrong? 

This  is  the  dilemma  that  has  been  put  to  me  by  anxious  in- 
quirers, and  as  the  misunderstanding  seems  prevalent,  even 
amongst  educated  people,  I  should  like  to  give  a  few  words  of 
explanation. 

In  the  first  place,  I  am  happy  to  be  able  to  give  an  assurance 
that  in  this  particular  instance  neither  of  the  authorities  re- 
ferred to  above  is  wrong. 

The  explanation  of  the  apparent  contradiction  is  simply  that 
a  different  "Moon"  is  referred  to  in  the  two  cases.  The  "Moon" 
of  the  ecclesiastical  calendar  is  an  imaginary  body,  which  is  so 
controlled  by  specially  constructed  tables  as  to  be  "full"  on  a 
day  (no  attempt  is  made  in  the  calendar,  either  in  the  date  of 
the  vernal  equinox  or  in  that  of  the  full  moons,  to  subdivide  the 
day)  not  differing  by  more  than  two  or  three  days  at  most  from 
the  date  on  which  the  actual  Moon  is  full. 
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The  adoption  of  the  calendar  Moon  fur  such  a  purt>osc  as 
litig  the  date  of  Easter  has  certain  practical  advantages,  such 
5  apphcabitit}-  to  every  terrestrial  longitude,  that  would  not  \ii 
present  in  the  case  of  the  actual  Moon.  Thus  in  the  instance 
(juoted  above,  in  which  the  Moon  is  full  at  4''  56™  Greenwich 
time  on  the  morning  of  March  2isl,  we  see  at  once  that  for 
places  adopting  a  time  five  hours  west  of  Greenwich  (the  east- 
i-rn  standard  time  of  the  United  States)  this  Moon  would  be  full 
on  March  20th.  And  so  in  the  circumstances  supposed  Easter 
would  be  celebrated  on  a  different  date,  depending  on  the 
adopted  time  at  different  meridians.  This  inconvenience  is 
avoided  by  adopting  the  calendar  Moon. 

A  very  convenient  expression  for  the  date  of  the  Easter  full 
moon  of  the  calendar  is  March  (44  —  epact),  which  gives  the 
date  directly  when  the  epact  is  less  than  24.  When  the  epact 
is  equal  to  or  greater  than  24,  the  date  given  by  the  formula  is 
that  of  the  preceding  calendar  full  moon,  and  the  Easter  full 
moon  is  found  by  adding  29. 

1905  the  epact  is  24.    The  calendar  Moon  is,  therefore. 

jll  on  March  20th,  and  again  on  April  iSth.    The  latter  then 

I  the  Easter  full  moon  of  the  calendar,  and  Easter-day  is  the 

!i>ltowing  Sunday,  April  z^d. — A.  M.  W.  Downing,  in  the  lowr- 

l  of  lh(  British  Astronomical  Association,  Vol.  i^,  No.  3. 


Solar  Eclipse  Expedition. — An  expedition  from  Indiana 
pniversity.  in  charge  of  John  A.  Miller,  Professor  of  Mc- 
lianics  and  Astronomy,  and  W.  A.  Cocsuall,  Assistant  Pro- 
fessor of  Astronomy,  will  go  to  Spain  to  observe  the  total  solar 
eclipse  that  occurs  on  August  30th.  At  some  point  in  north- 
eastern Spain,  on  a  favorable  site  chosen  by  Professor  A.  F. 
Kl "KRSTEiNEB,  of  the  Department  of  Romance  Languages,  who 
is  now  in  Spain,  they  wilt  install  their  instruments.  This  tem- 
porary observatory  will  include  a  horizontal  photographic  tele- 
scope about  seventy-five  feet  long,  having  an  aperture  of  eight 
inches.  Into  this  telescope  the  Sun's  rays  will  be  reflected  by  a 
mirror  moving  at  such  a  rate  that  it  will  reflect  rays  in  a  con- 
stant direction.  This  telescope,  with  one  exception,  will  have 
greater  photographic  efficiency  than  any  telescope  that  has 
I  liitherto  been  used  to  photograph  the  Sun  during  a  total  eclipse, 
md  is  designed  to  secure  photographs  of  the  corona  on  a  very 
ger  scale. — Science,  March  ly,  ipo^. 


82  Publications  of  the 

Professor  George  E.  Hale  has  resigned  the  directorship 
of  the  Yerkes  Observatory,  and  Professor  E.  B.  Frost  has 
been  appointed  to  the  position. 


Professor  F.  L.  O.  Wadsworth  has  resigned  the  position 
of  Director  of  the  Allegheny  Observatory  and  accepted  the 
appointment  of  General  Manager  of  the  Pressed  Prism  Plate 
Glass  Company  of  Morgantown,  W.  Va.  Dr.  Frank  Schles- 
INGER,  of  Yerkes  Ojbservatory,  becomes  Professor  Wads- 
worth's  successor  in  the  directorship  of  the  Allegheny 
Observatory. 
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^BtlNUTES    OF    THE    MEETING    OF    THE    BoARD    OF    DIRECTORS, 
^B  HELJ>  AT   THE   UNIVERSITY   ClLB,    SaN    FrANCISCO, 

^B  March  25,  1905,  at  5  p.m. 

^^n     President  Edwabds  presided.    A  quorum  was  prescm,    'Ihe  follow- 
ing members  were  duly  elected: — 

List  of  Members  Ei^ctcd  March  25,  1905. 

Mr.   O.   V.   Lance 1400  Milvia   St.,   Berkeley,   Cal. 

Mr.  C.  A.  G.  Weymouth    .    .    .    2325  Blake  St.,  Berkeley,  Cal, 

Professor  Geo.  E.  Hale  and  Mr.  E.  C.  Smith  were  elected  10  life 
■ncmbcrship. 
r  Repobt  of  the  Library  Committee, 

^■^  5«x   FnAHCIBCo,  Cal.,   March  ij,    1905. 

^P*  iht  Beawi  of  Dirtctari  0/  Iht  Ailronomical  Sedely  of  J/i»  Pacific: 


of  I) 


hu  bctn  publiibed.  as  number  97.  valuinc  16,  of  tbe  Pablicalioni 

of  th<> 

Thi  number  of  volumo  00  Ihc  actt«ions-l»ok  i.  now   ..347. 

e  bindin 

<l»l«,  >nd  ihc  CMi  of  IhU.  togithct  wilh  the  coil  of  pieparing  Ibc 

eatalogu 

■1  DCccHaiy  10  dcaw  on  Ihe  princip*!  of  Ibe  Alexuider  MuntgoDier 

)-  Librar 

to  tbu   M  Ihe  thne  of  the  TreMurfr'a  1a«i  jnnual  report  thii  fu 

nd  araou 

ti^is.    Il  hu  been  Ihe  policr  in  the  past,  and  we  believe  it  lo 

be  a  go 

to  keep  thi»  fund  at  nol  lew  th«n  (i.soo.     During  Ihe  psit  year 

thereto 

until  the  fund  again   reaches  (i.joo.     The  fund  ni  preseni   »mo 

Respeel fully  submitted. 

S.     ]>.     TOWBLIY. 

Lih>ariG 

A.    I!,    Uascock. 

Rose   O'lUttoHN 

Tlic  name  of  Professor  Campbei.l  was  added  to  the  conimii 
consisting  of  Messrs.  Aitken  and  Townlev,  10  prqiare  rcsoluti 
regarding  the  proposed  amendment  of  Article  II  of  the  By-Laws. 

Il   was  upon  motion. 


vrJ.   Thai   the  Fubl 
of  membcrl  of  the  Soc 


t'  Societ 


e  iill  o 


:>  of  the    liru. 


Medaliats  it 


For  Ihe  purpose  of  increasing  the  usefulness  of  the  Society  through 
the  increase  of  its  membership,  it  is  the  sense  of  the  Board  of  Directors 
that  a  material  reduction  in  the  annual  dues  be  made,  beginning  with 
the  ist  of  Januan'  next  following  the  d.ite  when  the  active  membership 
shall  have  reached  three  hundred  members, 

Adjourned. 
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Mix\uTi:s  OF  THE  Seventeenth  Annual  Meeting  of  the  As- 
tronomical Society  of  the  Pacific,  held  in  the 
Lecture  Hall  of  the  California  Academy 
of  Sciences,  March  25,  1905, 

at  8  P.M. 

The  meeting  was  called  to  order  by  President  Edwards.  A  quorum 
was  present.    The  minutes  of  the  last  meeting  were  approved. 

The  following  papers  were  presented: — 

1.  An   Eclipse   Problem,  by  Professor  W.   W.   Campbell. 

2.  The  Sixth  and  Seventh  Satellites  of  Jupiter^  by  Professor  C.  D.  Peskine. 

3.  The  Development  of  a  New  Observatory,  by  Professor  Geo.  E.  Hale. 

President  Edwards  introduced  the  lecturers,  who  read  their  re- 
spective papers.  In  the  absence  of  Professor  Hale,  his  paper  was 
read  by  Dr.  Townley. 

The  Committee  on  Nominations  reported  a  list  of  names  proposed 
for  election  as  Directors,  as  follows:  Messrs.  R.  G.  Aitken.  A.  H. 
Babcock,  Chas.  Burckhalter,  W.  W.  Campbell,  Wm.  H.  Crocker, 
Chas.  S.  Cushing,  Geo.  E.  Hale,  A.  O.  Leuschner,  Geo.  C.  Pardee. 
S.  D.  Townlev,  F.  R.  Ziel. 

For  Committee  on  Publication:  Messrs.  R.  G.  Aitken  (Chair- 
man), S.  D.  Townlev,  B.  L.  Newkirk. 

Messrs.  Burckhalter  and  Irving  were  appointed  as  tellers.  The 
polls  were  open  from  8:15  to  9  p.m.,  and  the  persons  above  named  were 
duly  elected  to  serve  for  the  ensuing  year. 

Report    of    the    Committee   on    the    Comet-Medal,    Submitted 

March  25,  1905. 

This  relates  to  the  calendar  year  1904.  The  comets  of  1904  have  been: 
Comet  a  (unexpected  comet),  discovered  by  Dr.  VV.  R.  Brooks,  Geneva,  New  York, 
on  April  16,  1904;  Comet  h  (Encke's  periodic  comet),  rediscovered  by  Herr  A. 
KoPFF,  at  Koenigstuhl-Heidelberg,  Germany,  on  September  11,  1904;  Comet  c 
(Tem pel's  periodic  comet),  rediscovered  by  M.  St.  Javelin,  at  Nice,  France,  on 
November  30,  1904;  Comet  d  (unexpected  comet),  discovered  by  M.  Michel  Giaco- 
DiNi,  at  Nice,  France,  on  December  17,  1904;  Comet  e  (unexpected  comet),  dis- 
covered  by   M.   A.    BoRRELLY,    Marseilles,   France,    on   December   28,    1904. 

The  Donohoe  Comet- Medal  of  the  Society  has  been  awarded  to  the  discoverer* 
of  comets  a,  d,  and  c,  in  accordance  with  the  regulations.  Forty-nine  awards  of 
the  medal   have   been   made  to  date. 

Respectfully  submitted. 

VV.   W.   Campbell, 
Wic.  H.  Crocker, 
Chas.   Burckhalter, 
Committee  on  the  Donohoe  Comet-Medal. 
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The  Treasurer  submitted  his  Annual  Report  as  follows:  — 

Annual  Statement  op  the  Receipts  and  Expenditures  of  the 

Astronomical  Society  of  the  Pacific  for  the 

Fiscal  Year  ending  March  25,  1905. 

general  fund. 

Receipts. 

1904,  March  ayth.    Cash  Balance I   215  49 

Received  from  dues  for  1904  and  previous  years I343  35 

1905 574  50       l9»6  85 
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"           **     Life  membership  fees  ...» 150  00 

*•           •'     sales  of  Publications 33  50 

••           ••        •*     *•   Stationery 50 

"     Life  Membership  Fund  (interest) 6751 

»'           "     John  Dolbeer  Fund  (interest) 233  4^        1.401  78 

51,617  27 

Less  transfer  to  Life  Membership  Fund 250  00 


Expenditures. 


11,467  27 


For  Publications:  printing  Nos.  95  to  100 I695  50 

illustrations 47  07    I742  57 

Sutioneryand  printing 1x7  30 

Postages 62  08 

Rent 180  00 

Salary  Secretary  Treasurer 180  00 

Expressagcs 12  20 

Telephone  and  Telegrams i  70 

Janitor 2  00 

Gas »  20 

Insurance  premiums 21  55 

Lantern  at  lecture 7  25 

Engrossing »5  75 

Taxes 2  48 

Rent  safe  deposit  box 5  00 

Bank  Exchanges 65 

Notary  Fee 50     609  66        1,352  23 

190S.  March  2sth.    Cash  Balance I    115  04 

Dues  outstanding : 

for  X904 $  50  <» 

for  1905 275  00 

I325  00 
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LIFE  MEMBERSHIP  FUND. 

1904,  March  27th.    Cash  Balance |ii753  95 

Received  from  General  Fund  (fees) 150  00 

Interest 67  51 

Less  transfer  to  General  Fund  (interest) 67  51 

1905,  March  25th.    Cash  Balance |(i903  95 


ALEXANDER  MONTGOMERY  LIBRARY  FUND. 

1904,  March  27th.    Cash  Balance |(i4iS  61 

Interest 64  12 

|i,479  73 
Less  expenditures: 

Hicks-Judd  Co.,  bindinfi: i  40 

Gierke,  Astrophysics 5  00 

Popular  As/ronomy,  subscription,  Nos.  lai  to  130 2  50  8  90 

1905,  March  25th.    Cash  Balance |i*470  S3 

DONOHOE  COMET -MEDAL  FUND. 

1904.  March  27th.    Cash  Bal.ince $724  35 

Interest 25  91 

$750  ^ 
Less  engraving  medals  Nos.  46  and  47,  and  postage 2  71 

1905,  March  25th.    Cash  Balance I747  55 

BRUCE  MEDAL  FUND. 

1904,  March  27th.    Cash  lialance $2,526  48 

Interest i»3  9* 

1905,  March  25th.    C.ish  Balance $2,650  40 

JOHN    DOLBEER  FUND. 

1904,  March  27th.    Cash  Balance 55.ooo  00 

Interest 233  42 

$5,233  42 
Less  interest  exi>endcd  for  Publications  (see  resolution,  No.  95,  page  131)  ....         333  42 

1905.  March  25th.    Cash  Balance l5,ooo  00 


«• 
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FUNDS. 

Balances  as  follows: 
General  Fund: 

with  Donohoe-Kelly  Banking  Co |xi5  04 

Life  Membership  Fund: 

with  San  Francisco  Savings  Union %   403  95 

German  Savings  and  Loan  Society 300  00 

Hibemia  Savings  and  Loan  Society 200  00 

South  Pacific  Coast  Railway  Co.,  $1,000  Bond,  No.  3,406 1,000  00    1,903  95 

Alexander  Montgomery  Library  Fund: 

with  San  Francisco  Savings  Union |    171  51 

"    German  Savings  and  Loan  Society 184  86 

**    Hibemia  Savings  and  Loan  Society 74  46 

Oakland  Tranfit  Consolidated,  |i,ooo  Bond,  No.  4,328 1,04000     1,47083 

Doiiohoe  Comet-Medal  Fund: 

with  San  Francisco  Savings  Union |  229  87 

*'    German  Savings  and  Loan  Society ^53  24 

^  **    Hibemia  Savings  and  I^oan  Society 264  44       747  5s 

Bruce  Medal  Fund: 

with  San  Francisco  Savings  Union |   224  96 

**    Security  Savings  Bank 216  51 

"    German  Savings  and  Loan  Society 219  21 

Bay  Counties  Power  Co.,  Ii.ooo  Bond,  No.  1,636 1,012  50 

The  Edison  Electric  Co.,  |i, coo  Bond,  No.  168 977  aa     2,65040 

John  Dolbeer  Fund: 

with  Union  Trust  Co 570  28 

"    Mutml  Savings  Bank 40000 

South  Pacific  Coast  Railway  Co.»  $1,000  Bond,  No.  3,407 1,000  00 

Oakland  Transit  Consolidated,  $i»ooo  Bond,  No.  4,329 1,040  00 

Bay  Counties  Power  Co.,  $1,000  Bond,  No.  1,637 1,012  50 

The  Edison  Electric  Co.,  $1,000  Bond,  No.  16^ 977  22    5.000  00 

$".S87  77 

San  Francisco,  March  25,  1905. 

F.  R,  ZIEL,  Treasurer. 


Examined  and  found  correct. 

Chas.  S.  Cushing, 

Armin  O.  Leoschner.     [.  AHdiiing  Committee. 
Daniel  Suter, 


} 


The  report  was,  on  motion,  accepted  and  filed. 


\ 
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The   following  resolution  was,  on  motion,   adopted: — 

Resolved,  That  all  the  acts  appearing  in  the  minutes  of  the  meetings  of  the 
Board  of  Directors  of  this  bociety,  as  having  been  done  by  said  Board  during 
the  past  fiscal  year,  are  here,  now,  by  this  Society,  approved  and  confirmed. 

Upon  motion  by  Professor  Campbell,  the  thanks  of  the  Society 
were  returned  to  the  retiring  President,  Professor  Edwards,  for  the 
services  rendered  by  him  in  presiding  over  the  affairs  of  the  Society 
during  his  term  of  office. 

Adjourned. 

MlNUTliS    OF    THE    MEETING    OF    THE    BOARD    OF    DIRECTORS, 
HELD  IN   THE  RoOMS  OF  THE  SOCIETY,  MaRCH 

25,   1905,  AT   10  P.M. 

'J  he  new  Board  of  Directors  was  called  to  order  by  Mr.  Townley. 
A  quorum  was  present.  The  minutes  of  the  last  meeting  were  ap- 
proved. 

The  business  in  hand  being  the  election  of  officers  for  the  ensuing 
year,  the  following  officers,  having  received  a  majority  of  the  \;otes 
cast,  were  duly  elected: — 

President:     Mr.  S.  D.  Townley. 

first  rice-President:     Mr.  A.   O.  Leuschner. 

Second   lice-President:     Mr.   Chas.   S.   Gushing. 

Third  Vice-President:     Mr.  A.  H.  Babcock. 

Secretaries:     Messrs.  R.  G.  Aitken  and  F.  R.  Ziel. 

Treasurer:     Mr.  F.  R.   Ziel. 

Committee  on  the  Comet-Medal:  Messrs.  W.  W.  Campbell  {cx 
officio),  Chas.   Burckh alter,  Wm.   H.   Crocker. 

Library  Committee:     Dr.  Crawford,  Miss  O'Halloran,  Miss  Hobe. 

Dr.   Crawford  was  appointed  Librarian. 

J'hc  President  was  authorized  to  appoint  the  members  of  the 
Finance   Committee,  and  made  the   following  selections: — 

Pinancc  Committee:  Messrs.  Chas.  S.  Cushing  (Chairman),  A. 
O.  Leuschner,  Wm.  H.  Crocker. 

Jhe  Committee  on  Publication  is  composed  of  Messrs.  R.  G.  Aitken 
(Chairman),  S.  D.  Townley,  B.  L.  Newkirk. 

It  was 

Resolved,  That  in  the  event  of  any  fund  of  the  Society  suffering  a  loss 
through  any  source,  the  amount  so  impaired  shall  be  apportioned  among  all  the 
Funds. 

Adjourned. 
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OFFICERS  OF  THE  SOCIETV. 

r.  B.  D.  ToWKiHV 

r-  A.  O.  Lei'SCHKKii  ,  ,  ,  Fi'il 

Br.  CHAs.  S.  CCWtNr.      .  .  .      .  Snanil 

1.  H.  Bakock  .  .   .  Thittl 

I.   K.    a.  AtTKKM     1 

f.  F.  R.  ZIBI.         t  -  .... 

Bfara  »r  Dirrelari—Matn.  Aiikiih.  Bah'^ock,   Rkrckhai.tbr.  C^xniE 
at.  TowKLev.  Zibl. 
.,  LeusciiNER.  Wm.  H.  Ckockbr. 

Liirarr  C<immiil/t~Str.  Cmwrono.  Mio  0'IIalloh*h.  Miss  Hobh. 


i— MVMCl.  CUSHINC, 


-S.C^HI 


r..,^(.«),B 


atlcd  Ld  Anirtc  Vtll  critic  B^-Lkob,  wlilch  povKli 
...  .1 — i.  —  ccmjiug  ealmdiii  Vcat.    Thisrule 
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VARIABLE    STAR    NOTES. 


By  Rose  0*Halloran. 


The  maximum  of  o  Ceti,  predicted  for  the  25th  of  Febru- 
ar>^  last,  seems  to  have  been  of  moderate  range,  but  moonlight, 
lingering  twilight,  and  low  altitude  hindered  the  close  esti- 
mates of  its  light-changes  sometimes  obtainable.  As  stated 
in  No.  100  of  the  Publications  A.  S,  P.,  the  variable  was 
brighter  than  69  Ceti  and  dimmer  than  Delta  of  the  same  con- 
stellation on  January  17th,  and  on  January  24th  was  still  of 
the  same  luster.  On  the  27th  and  28th  it  approached  nearer 
to  the  light  of  Delta,  and  on  February  2d  was  equal  to  it. 
February  6th  it  was  distinctly  brighter  than  Delta,  and  with 
an  opera-glass  seemed  somewhat  brighter  than  Gamma, 

During  the  remainder  of  February  it  was  compared  with 
the  two  last-named  stars,  on  the  7th,  12th,  21st,  23d,  25th,  28th, 
and  on  March  3d,  6th,  and  8th,  but  no  decrease  was  discernible 
before  the  crescent  Moon  interfered  with  satisfactory  com- 
parisons. 

l^V  Cassiopeia, 

This  variable  is  easily  found  not  far  south  of  U^  Cassiopcice, 
and  needs  but  a  small  instrument  for  observation  of  its  varia- 
tions, which  are  from  about  8th  to  12th  magnitude.  Its  last 
decline  from  maximum  to  minimum  was  observed  as  follows : — 

1904, 
June     12.     It  is  a  magnitude  or  more  brighter  than  d.    No  star 

of  8th  magnitude  is  near  enough  for  a  satis- 
factory comparison. 


92  Publications  of  the 


S- 


/c« 


^9  9-^ 


V 


V 


-hsr 


• 


%  'AT 


Vicinity  of  IV  Cassiopeia, 

June     24.     Slightly  decreased,  but  still  brighter  than  any  of 

the  adjacent  stars. 

July  9,  15,  17.     Equal  to  d. 

July  31 ;  Aug.  i,  11,  29.     Less  than  d.    Equal  to  e. 

Sept.  2,  6,  12,  18.     Between  the  light  of  /  and  A. 

Sept.  2y,  28.     Equal  to  h. 

Sept.  29 ;  Oct.  3,  16.     Less  than  h.    Equal  to  k. 

Oct.   19,  28.     Between  k  and  ;w.    These  two  comparison-stars 

are  scarcely  of  nth  magnitude,  and  in  a  four- 
inch  lens  are  visible  only  on  clear,  moonless 
nights. 

Oct.      30.     Equal  to  iil 

Nov.  2,  5.     It  seems  slightly  brighter  than  m. 

Xov.  7,  8,  12.     Equal  to  m, 

Xov.     15.     In  moonlight  barely  discernible. 

Xov.  27.  X^ot  discernible  in  slight  haze.  In  the  accompany- 
ing map  the  variable  is  the  star  within  a  small 
circle. 

R  Sculptoris. 

The  pink  light  of  this  southern  variable  made  its  identi- 
fication easy  on  the  ist  of  last  January,  the  date  of  its  predicted 
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maximum.  It  was  about  6.8  magnitude,  or  a  few  tenths  less 
than  Tail,  classed  as  6.5  in  the  Argentine  General  Catalogue. 
On  the  meridian  it  was  discernible  in  an  opera-glass. 

R  Leonis. 

As  the  constellation  of  Leo  has  a  high  altitude  in  the  even- 
ing hours  at  this  season,  the  approaching  maximum  of 
R  Leonis,  predicted  for  June  24th,  should  be  favorably  ob- 
served. The  irregularity  to  which  its  mean  period  of  312  days 
IS  subject  may  hasten  or  retard  its  highest  range  several  days. 
The  bright  phases  being  discernible  in  an  opera-glass,  its  red 
gleam  is  easily  identified  in  the  same  field  of  view  as  the  two 
stars  of  about  6th  magnitude,  numbered  18  and  19  in  Flam- 
steed's  catalogue.  They  are  about  two  degrees  northeast  of 
o  Leofiis.  The  accompanying  record  shows  that  the  variable 
has  increased  four  magnitudes  since  January  last.  The  magni- 
tudes of  the  comparison-stars  are  those  of  the  Potsdam  Publi- 
cations  and  the  Durchmusterung. 

1905. 
Jan.       27.     Brighter  than  9.88.    Less  than  9.55. 

Feb.  22.  Very  slightly  brighter  than  9.05. 

March  22.  Much  brighter  than  9.05.    Nearly  equal  to  8.15. 

March  26.  Equal  to  8.15. 

April  2.  No  noticeable  increase. 

April     1 1.     Much  brighter  than  8.15,  but  less  than  6.68.    Prob- 
ably not  far  from  7th  magnitude. 

April     22.     Of  fully  7th  magnitude.    Brighter  than  7.15,  but 

not  equal  to  6.68. 

April     25.     Equal  to  6.68.    Less  than  5.90. 

May       4.     Fully  equal  to  5.90.     Faintly  discernible  with  the 

naked  eye. 

May        8.     Brighter  than  5.90.    Less  than  5.65. 
San  pRANasco,  May  14,  1905. 
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PLANETARY    PHENOMENA   FOR   JULY   AND 

AUGUST,  1905. 


By  Malcolm  McNeill. 


PHASES  OF  THE  MOON,   PACIFIC  TIME. 


New  Moon,      July    2,    9*  50"  a.m. 


First  Quarter, 
Full  Moon, 
Last  Quarter, 
New  Moon, 


<i 


(< 


i< 


«( 


9» 
16, 
24, 

31. 


9  46  A.M. 

7  32  A.M. 
5      9  A.M. 

8  3  P.M. 


First  Quarter,  Aug.  7,  2*  i6"  p.m. 
Full  Moon,  ••  14,  7  31  P.M. 
Last  Quarter,  **  22,  10  10  p.m. 
New  Moon,        **     30,    5  13    a.m. 


The  Earth  is  in  aphelion, — that  is,  the  Earth  is  at  its 
greatest  distance  from  the  Sun, — at  about  7  a.m.  July  3d, 
Pacific  time. 

The  third  eclipse  of  the  year  occurs  on  the  evening  of 
August  14th,  and  is  a  partial  eclipse  of  the  Moon.  It  will  be 
visible  throughout  the  United  States.  The  eclipse  begins  at 
5h  2gm  P.M.,  Pacific  time,  shortly  before  sunset  for  far  western 
points;  its  middle  is  at  7*^  41™,  and  it  ends  at  8**  43°*.  The 
maximum  obscuration  is  about  one  quarter  of  the  Moon's 
diameter. 

The  fourth  eclipse  occurs  on  August  30th,  and  is  a  total 
eclipse  of  the  Sun.  The  eclipse  will  be  seen  as  partial  in  the 
early  morning  in  that  part  of  the  United  States  east  of  the 
Rocky  Mountains.  The  path  of  totality  extends  from  the 
part  of  Canada  north  of  Lake  Superior  eastward  through 
Labrador,  across  the  Atlantic,  through  Spain,  the  Mediter- 
ranean, and  Egypt,  ending  in  southern  Arabia.  The  duration 
of  totality  is  rather  greater  than  usual,  nearly  four  minutes  for 
some  localities,  and  there  will  be  no  difficulty  in  finding  places 
in  the  path  of  totality  suitable  for  observing-stations. 

Mercury  passed  superior  conjunction  with  the  Sun  June 
24th  and  became  an  evening  star.  It  will  remain  an  evening 
star  until  August  29th,  when  it  passes  inferior  conjunction 
with  the  Sun  and  becomes  a  morning  star.  It  reaches  its 
greatest  eastern  elongation,  27°  18'.  August  2d,  only  two  days 
before  aphelion  passage.  This  greatest  elongation  is  therefore 
nearly  the  largest  possible,  but,  as  in  the  previous  western 
elongation,  the  planet  is  south  of  the  Sun  and  does  not  remain 
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)ve  the  horizon  as  long  aftiT  sunset  as  it  would  otherwise. 
P.However,  for  nearly  a  month,  from  about  July  10th  to  August 
loth,  the  planet  remains  above  the  horizon  an  hour  or  more 
after  sunset,  an  hour  and  twenty  minutes  for  a  few  days  before 
the  time  of  greatest  elongation.     It  may  therefore  be  seen 
_   mnthout  great  difficulty  in  the  evening  twilight  on  a  clear  day. 
^r       I'eiius  is  a  morning  star,  reaching  its  greatest  west  elonga- 
Htion.  45-  44',  on  August  6th.     It  rises  from  two  and  one  half 
"  to  three  and  one  half  hours  before  sunrise,  the  largest  interval 
coming  about  the  middle  of  August.    It  moves  about  69°  east- 
ward among  the  stars  from  a  point  in  Taurus  a  little  south  of 
the  Pleiades  through  Gemini  to  the  western  boundary  of  Cancer. 
On  July  17th  it  passes  about  2°  north  of  the  first-magnitude 
red  star  .■Ildebaratt,  a  Tauri.    On  the  morning  of  July  4th  it 
is  in  conjunction  with  Jupiter,  passing  2j/3°  south  of  the  latter, 
(arid  on  August  14th  it  is  in  conjunction  with  Neptune,  passing 
5  than  1°  south. 

Mars  is  still  in  fine  position  for  evening  observation.     It 

mains  above  the  horizon  until  nearly  i  a.m.  on  July  1st,  but 

s  a  few  minutes  earlier  each  night,  until  at  the  end  of  August 

I  sets  shortly  after  10  p.m.     It  moves  during  the  two  months 

"  eastward  and  6"  southward  from  Libra  into  Scorpio.    On 

August  26th  it  is  about  3^  south  of  ^  Scorpii,  and  at  the  end 

f  the  month  it  is  about  5°  north  and  west  of  Anlares,  a  Scorpii. 

»-iII  still  be  a  prominent  object,  although  even  on  July  ist 

^  Its  light  will  be  only  a  little  more  than  half  as  great  as  it  was 

at  opposition,  and  by  the  end  of  August  it  will  be  less  than  half 

as  bright  as  it  was  on  July  ist.    On  August  24th  its  distance 

from  us  will  be  about  the  same  as  the  Earth's  distance  from 

Ke  Sun. 
Jupiter  rises  at  about  2  A.m.  on  July  1st  and  at  about  10:30 
U.  on  August  31st.  It  is  in  Taurus,  and  moves  about  9° 
east  and  2°  north  from  a  point  south  of  the  Pleiades  to  a  point 
about  5°  north  and  west  of  the  first-magnitude  star  i^Wefrorow, 
a  Tauri. 

■        Saturn  is  gradually  moving  to  a  place  suitable  for  evening 
observation.    It  rises  before  10:30  r.M,  on  July  ist,  and  before 
"  sunset  on  August  31st.     It  comes  to  opposition  with  the  Sun 
about  midnight  on  August  22d.    It  is  retrograding,  and  moves 
about  4°  west  and  south  in  Aquarius.    The  plane  of  the  planet's 
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rings  is  much  nearer  the  Earth  than  it  was  a  year  ago ;  and  the 
minor  axis  is  therefore  much  smaller  than  it  was  at  that  time. 
It  is  now  only  about  one  sixth  of  the  major  axis. 

Uranus  passed  opposition  with  the  Sun  on  June  24th  and 
varies  its  time  of  setting  from  4  a.m.  on  July  ist  to  about 
midnight  on  August  31st.  It  is  in  Sagittarius,  a  little  north 
and  west  of  the  handle  of  the  "milk-dipper''  group. 

Neptune  is  a  morning  object  in  Gemini. 


OTTO   WILHELM   STRUVE. 


By  M.  Nyren. 


[The  following  note  on  the  life  of  the  late  Otto  Struve  has  been 
translated  from  the  original  in  the  Astronomische  Nachrichten  (4013) 
because  it  seemed  most  appropriate  to  give  our  readers  the  words  of 
one  who  was  personally  associated  with  him  in  the  work  of  the  Pulkowa 
Observatory. 

In  common  with  astronomers  the  world  over,  we  hold  the  name 
and  work  of  Otto  Struve  in  high  respect  and  honor. — R.  G.  A.] 

Otto  Wilhklm  Struve,  former  Director  of  the  Pulkowa 
Observatory,  passed  out  of  this  life  peacefully  at  Karlsruhe  on 
the  14th  of  this  month  [April,  1905].  Thus  closed  a  life  rich 
in  years,  in  work,  in  fulfillment.  This  life  belongs  to  the  his- 
tory of  Astronomy,  and  is  inseparably  connected  with  the 
history  of  the  Pulkowa  Observatory. 

Bom  on  the  7th  of  May  [25th  April],  1819,  in  Dorpat, 
where  his  father,  Wilhelm  Struve,  held  the  position  of 
Professor  and  Director  of  the  University  Observatory,  Otto 
Struve  completed  his  course  in  the  g>^mnasium  in  his  fifteenth 
year,  but,  because  of  his  youth,  was  obliged  to  wait  a  year 
before  being  matriculated  in  the  university  of  his  native 
province. 

When  he  took  his  degree  in  1839  he  had  already  been 
employed  in  the  observatory  for  two  years  as  his  father's 
assistant.  In  the  mean  time  the  Central  Astronomical  Obser\'- 
atorv  for  Russia  had  been  founded  at  Pulkowa  under  the 
direction  of  W.  Struve,  and  when  it  was  opened  for  active 
work,  Otto  Struve  and  three  other  young  scientists,  G.  Fuss, 
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E.  Sableh,  and  C.  A.  F.  Pktehs,  were  appointed  assistants  to 
the  director.  This  introduced  him  to  the  sphere  of  activity 
that  was  to  bound  his  whole  life  work. 

A  few  years  later  he  was  also  appointed  consulting  astron- 
omer to  the  General  Staft  and  lo  tiie  Hydrographic  Department 
and,  as  such,  had  ihe  opportunity  of  taking  part  in  work  in 

I  those  lines.     Having,  in  the  capacity  of  astronomer  and  vice- 
-director,  for  many  years  relieved  his  father  of  the  heavier  part 
of  the  burden  of  administering  the  observatory,  he  succeeded 
■bim  as  Director  in  1862, 
In  the  year  18S7  he.  was  therefore  able  to  celebrate  two 
jubilees — in  honor  of  fifty  years'  service  to  the  State,  and  of 
twenty-five  years'  service  as  Director.     At  the  close  of  the 
year  1889  he  resigned  the  directorate  of  the  observatory  and 
also  his  membership  in  the  Academy  of  Sciences,  with  which 
he  had  been  connected  since  1852.     Struve  had  desired  to  re- 
sign a  year  earlier,  but,  at  the  request  of  Ihe  Emperor,  Alexan- 
^•der  III,  that  he  retain  his  position  until  after  the  celebration 
^^Bf  the  fifty-year  jubilee  of  the  observatory,  in  August,   1889, 
^^■ras  persuaded  to  postpone  his  intention.     For  fully  fifteen 
^Hears,  therefore,  Otto  Stru\'e  enjoyed  his  attum  cum  Jignitale, 
^Kit  first  in  St.  Petersburg,  and  later,  for  his  health's  sake,  in 
^Korcign  lands,   for  the  most  part   in   Karlsruhe,   where  near 
H|«latives  lived. 

H^  He  was  twice  married;  first  to  Emilie  Dyrssen,  of  St. 
^K^ctersburg,  and  later  to  Emma  Jankowski,  of  Livonia.  He 
^Hurvived  his  second  wife,  also,  by  many  years. 
^H  It  is  not  necessary  to  remind  the  readers  of  the  Astronom- 
^^mehe  Nachrichtcn  that  the  astronomical  tradition  in  the  Struve 
^^fcniily  did  not  die  out  with  the  first  two  generations. 
^^m  The  narrow  limits  of  an  obituary  notice  make  it  impossible 
^^K>  dwell,  even  briefly,  upon  the  merits  of  Otto  Struve's  scien- 
^^■fic  work.  We  shall  only  glance  briefly  at  his  work  as  Director 
^^M  the  observatory,  wl"tch  may  be  less  well  known  to  the 
^^■rorld,  but  which  occupied  by  far  the  greatest  part  of  his 
^^£nie,  and  lo  which  he  gave  his  cliief  attention, 
H  By  reason  of  his  personal  association  for  half  a  century 
^Kwith  every  development  of  the  institution  founded  by  bis 
^UBther,  it  grew  to  be  very  dear  to  bim,  and  the  youthful  zeal 
^Ktrith  which  he  devoted  every  energy  to  whatever  concerned  the 


98  Publications  of  the 

reputation  and  honor  of  Pulkowa  did  not  forsake  him  even  in 
his  age.  Only  ihus  could  he  have  succeeded  in  doubling,  in 
the  course  of  his  directorate,  the  astronomical  staff  of  the 
observatory  as  well  as  its  instrumental  equipment. 

Struve's  friendly  personal  relations  with  people  of  all 
classes  aided  him  greatly  in  the  matter  of  securing  the  means 
needed  for  these  purposes,  and  he  probably  never  encountered 
any  question  as  to  the  propriety  of  the  measures  he  advocated 
in  any  instance.  Every  one  knew  that,  besides  the  interest  of 
pure  science,  Struve  never  left  out  of  sight  the  prestige  of 
Russia,  and  especially  of  Pulkowa.  To  the  sharpened  penetra- 
tion due  to  this  vital  interest  in  the  observatory  must  also  be 
ascribed  the  fact  that  he  made  scarcely  a  single  mistake  in  the 
selection  of  his  numerous  associates.    * 

In  all  co-operative  undertakings  in  astronomical  and  closely 
related  fields  Struve  took  a  lively  interest,  and  was  always 
ready  to  offer  them  all  the  assistance  in  his  power.  In  evidence 
of  this  we  may  cite  the  great  zone  catalogue  undertaken  by  the 
Astronomische  Gesellschaft ;  the  measurement  of  an  arc  of 
longitude  in  central  Europe,  of  which  he  was  a  specially  zealous 
advocate;  also  the  preliminary  deliberations  concerning  the 
photographic  survey  of  the  sky,  the  international  meter  com- 
mission, etc. 

Over  many  of  the  conferences  called  to  further  these 
projects  he  presided  as  chairman.  He  served  as  president  of 
the  Astronomische  Gesellschaft,  of  which  he  was  a  charter 
member,  from  1867  to  1878.  The  Geodetic  Survey  of  the  great 
Russian  empire,  in  so  far  as  it  depended  upon  the  observatory, 
he  advanced  to  the  best  of  his  ability.  That  geographical 
researches  also  appealed  to  him  he  proved  by  participating  in 
the  founding  of  the  Imperial  Geographical  Society  of  St. 
Petersburg. 

Struve  provided  with  a  father's  care  for  those  connected 
with  the  observatory,  and  could  always  devise  means  when 
needed  to  improve  their  material  position.  He  did  his  utmost, 
too»  to  make  the  social  life  of  our  little  isolated  community 
as  agreeable  as  possible. 

Bv  reason  of  his  active  association  with  other  men,  for- 
eigJiers  as  well  as  Russians,  Struve  won  for  himself  an 
unusually  large  circle  of  friends.    That  he  did  not  lack  enemies 
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as  well  is  not  to  be  wondered  at,  in  view  of  his  striking  person- 
ality. A  large  number  of  astronomers  from  the  New  World 
as  well  as  from  the  Old  honored  him  with  visits  during  his 
directorate.  As  a  matter  of  course,  the  visits  from  Russians 
were  the  most  numerous.  Nearly  all  of  our  professors  of 
astronomy  of  the  last  few  decades  have  been  graduated  from 
the  school  of  Pulkowa,  and  at  every  opportunity  have  shown 
their  deep,  unchanging  reverence  for  the  head  of  the  institution 
in  which  they  began  their  scientific  work. 

Pulkowa,  April,  1905. 


•  >  '^  ■»  >■ '  ■ . 

t  V  v" '  ««'    •»  ^  v  .- 


NOTES    FROM    PACIFIC   COAST   OBSERVATORIES. 

Tests  of  the  Snow  Telescope, 
As  the  success  of  the  solar  work  on  Mt.  Wilson  depend) 
in  large  measure  upon  the  quality  of  the  images  given  by  thi 
Snow  telescope,  the  tests  of  this  instrument  made  since  th 
close  of  the  rainy  season  have  proved  of  great  interest  to  til 
members  of  the  observatory  staff.  From  previous  experiem 
it  was  recognized  that  the  selection  of  a  suitable  design  for  tl 
telescope-honse  is  of  vital  importance,  in  view  of  the  difficulty 
of  preventing  unequal  heating  of  the  afr  in  the  path  of  ihi 
beam.  Again,  it  was  a  question  whether  the  ccelostat  wouh 
prove  to  be  sufficiently  high  above  the  ground  to  escape  til 
disturbing  effect  of  the  heated  air  at  low  levels.  The  seriou 
expense  involved  in  the  construction  of  larger  piers  had  limitet 
the  height  of  the  coslostat  to  about  twenty  feet,  although  obser- 
vations of  the  Sun  made  from  a  tree  with  a  small  telescope 
indicated  that  a  much  greater  elevation  would  probably  be 
advantageous.  Finally,  the  distortion  of  the  mirrors  by  thft 
Sun's  heat  was  known  to  be  a  serious  source  of  danger.  ' 

While  it  is  still  loo  early  to  express  final  conclusions,  or  to 
give  the  details  of  the  tests,  it  may  be  said  that  the  perform- 
ance of  the  telescope  has  decidedly  surpassed  our  expectations. 
The  louver  construction  of  the  tele  scope -house  seems  to  afford 
the  desired  protection  against  heating,  and  the  possibility  of 
raising  and  lowering  the  inner  canvas  walls  has  proven  of  gre 
service.  Ordinarily  the  best  definition  is  obtained  when  1 
inner  wall  on  the  side  toward  the  Sun  is  raised,  and  the  ^ 
on  the  opposite  side  of  the  house  is  lowered.  Many  compara 
tive  tests  of  the  seeing  have  been  made  with  the  aid  of  a  i 
inch  visual  telescope,  mounted  on  a  tripod  support  near  I 
ccelostat.  In  all  cases  the  image  has  been  no  less  sharply  d 
with  the  Snow  telescope  than  with  the  small  refractor— 
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tainly  a  most  satisfactory  result.  On  many  occasions  the  solar 
image  has  been  beautifully  sharp,  ami  good  photographs  of 
caldum  and  hydrogen  flocculi  have  been  made  with  a  spcctro- 
heliograph  constructed  for  temporary  use,  pending  the  com- 
pletion by  the  Zeiss  Optical  Works  of  large  prisms  for  the 
permanent  spectroheliographs.  Professor  Barnard  states  that 
the  Moon,  as  observed  one  night  with  the  Snow  telescope,  was 
as  well  defined  as  he  had  ever  seen  it  with  the  40-inch  Yerkes 

(refractor.     Slar-imagts  are  also  excellent,   except   when  the 
Blstrument  has  been  used  during  the  late  afternoon  in  work  on 
Uie  Sun.     In  such  a  case  the  mirrors  do  not  cool  down  to  a 
Wjrmal  condition  until  late  in   the  evening,  and  during  the 
transition  state  the  star-images  are  curiously  distorted. 
It  had  been  anticipated  that  difficulty  would  be  experienced 
from  changes  in  the  focal  length  of  the  telescope,  due  to  heat- 
ing of  the  mirrors,  and  this  has  proved  to  be  the  case.    Except 
in  the  early  morning  hours,  however,  the  change  in  focal  length 
cis  small  and  of  little  importance.     Electric-heating  apparatus 
^pb  now  being  provided  for  the  purpose  of  maintaining  the 
^■tnirrors  during  the  night  at  such  a  temperature  as  to  give  the 
least  change  of  figure  when  they  are  exposed  to  the  Sun  in 
ihe  morning.  Gr.oiUiE  E.  Hale. 

Solar   Ohsehvatokv,    Mt.    Wilson,    Cal. 

^^1  Gift  from  Mr.  D,  O.  Mills. 

I  take  great  pleasure  in  announcing  that  Mr.  D.  O-  Mills 

has  provided  means  for  continuing  the  work  of  the  D.  O, 

MilU  Expedition  to  the  Southern  Hemisphere  for  a  period  of 

\  five  years  additional  to  that  covered  by  the  original  programme. 

s  generous  action  provides  also  for  suitable  addition  to  the 

;uipment  of  the  observatory  now  located  on  the  summit  of 

ian  Cristobal,  near  Santiago,  Chile;  for  the  salaries  and  trav- 

lifling  expenses  of  the  astronomer  in  charge  and  two  assistants ; 

md  for  running  expenses. 

Important  items  of  equipment  will  be  spectrographs  of  lower 
dispersion  in  order  that  the  determination  of  radial  velocities 
of  stars  in  the  southern  sky  may  be  extended  to  considerably 
fainter  stars  than  can  be  attacked  with  the  present  powerful 
three-prism  spectrograph. 
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It  is  hoped  that  the  results  of  this  second  period  of  work 
will  form  a  valuable  contribution  to  the  Sidereal  Problem,  for 
the  region  of  the  sky  not  visible  from  the  northern  observ- 
atories. 

Mr.  Mills's  continued  interest  in  this  branch  of  astronomy 

m 

is  a  most  encouraging  factor  in  the  prosecution  of  the  work. 

W.  W.  Campbell. 

The  Personnel  of  the  Crocker  Eclipse  Expedition 

FROM  THE  Lick  Observatory. 

It  is  expected  that  the  three  eclipse  expeditions  provided 
for  by  the  generosity  of  Mr.  Wm.  H.  Crocker  will  be  located 
respectively  in  the  immediate  vicinity  of  Cartwright,  Sandwich 
Bay,  Labrador ;  in  the  Daroca-Ateca-Almazan  region  of  north- 
eastern Spain ;  and  at  Assuan,  Egypt. 

The  Labrador  expedition  will  be  irr  charge  of  Acting 
Astronomer  Heber  D.  Curtis,  whose  chief  assistant  will  be 
Professor  Joel  Stebbins,  of  the  Astronomical  Department  of 
the  University  of  Illinois.  Dr.  Stebbins  was  a  fellow  in  the 
Lick  Observatory  during  the  years  1902- 1904.  Mrs.  Curtis 
and  Mrs.  Stebbins  will  accompany  the  expedition.  Dr.  Wil- 
fred T.  Grenfell,  whose  unselfish  work  as  a  practical  mis- 
sionary on  the  Labrador  coast  is  widely  and  favorably  known, 
has  promised  to  bring  his  ship  to  the  eclipse  path  two  or  three 
days  before  the  date  of  the  eclipse,  in  order  that  he  and  three 
or  four  of  his  scientific  staff  may  assist  Dr.  Curtis  in  the 
observations. 

The  Spanish  expedition  will  be  in  charge  of  Director 
Campbell,  who  will  be  accompanied  by  Astronomer  Perrine. 
In  this  connection  I  take  pleasure  in  saying  that  Professor 
Perrine's  work  on  the  expedition  will  be  rather  in  the  capacity 
of  associate  than  assistant,  a  status  to  which  his  successful 
work  at  the  Sumatra  eclipse  entitles  him.  Mrs.  Campbell 
and  Mrs.  Perrine  will  accompany  the  expedition.  Professor 
Thomas  E.  McKinney.  formerly  a  graduate  student  in  the 
University  of  Chicago,  and  now  Professor  of  Mathematics  and 
Astronomy  in  Marietta  College,  Ohio,  will  be  with  the  expedi- 
tion in  the  capacity  of  assistant.  It  is  hoped  that  many  astron- 
omers and  physicists  of  this  country  and  Europe  will  join  the 
expedition  in  eclipse  week  to  take  part  in  the  observations. 
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^H  The  Egyptian  expedition  will  be  in  diarge  of  Astronomer 
BHcssev.  who  will  be  assisted  by  Professor  Rodert  H.  West, 
E  formerly  a  student  of  Professor  Yol'xg  in  Princeton  Univer- 
sity and  now  Director  of  The  Observatory,  Syrian  Protestant 
College.  Beirut.  Syria.  Mrs.  Hl-ssey  will  accompany  the 
expedition.  Captain  H.  G.  Lyons,  R.  E.,  Director-General  of 
the  Survey  Department,  Egj'pt,  has  most  kindly  arranged  for 
the  coming  of  several  gentlemen  to  Professor's  Hussey's 
elation  during  eclipse  week  to  take  part  in  the  observing 
programme. 

In  making  preliminary  arrangements  for  these  expeditions 
invaluable  assistance  has  been  rendered  by  government  ofScials 
in  Newfoundland,  in  Spain,  and  in  Egypt.  Full  acknowledg- 
ment of  this  help  will  be  made  later. 

The  members  of  the  Egjptian  expedition  sail  from  New 
York  on  June  ifth,  of  the  Spanish  expedition  on  July  6th,  and 
of  the  Labrador  expedition  on  July  Slh.  It  is  planned  that  the 
Labrador  and  Spanish  stations  sha!!  be  reached  about  July  23d, 
and  the  Egyptian  station  about  August  8th.  The  constant 
clear  weather  expected  at  the  latter  station  should  permit  the 

^ rapid  and  continuous  work  of  mounting,  adjusting,  and  tcst- 
!ng  the  apparatus, 
The  genera!  scientific  plans  of  the  expedition  were  published 
nearly  a  year  ago  in  this  journal.  The  instrumental  equipment 
will  have  been  completed  in  the  Lick  Observatory  shops  about 
June  1st,  quite  strictly  in  accordance  with  the  original  pro- 
gramme,— in  a  considerable  measure  due  to  the  kindness  of 
other  institutions  in  loaning  valuable  pieces  of  apparatus. 
These  loans  will  be  fully  acknowledged  later.    The  equipment 

■drill  leave  Mt.  Hamilton  on  June  5th  for  railway  shipment  to 
llew  York,  and  thence  by  steamer  to  the  three  countries. 
F  During  the  absence  of  Director  Campbell  the  Lick  Observ- 
atorj-  will  be  in  charge  of  Astronomer  Tuckeb,  who  has  been 
appointed  Acting  Director  by  the  Board  of  Regents  of  the 
University  of  CaUfomia  for  this  period. 

W.  W.  Camtbell. 

Comet  a  1905  (Giacobini). 
The  first  comet  of  the  year  1905  was  discovered  by  Giaco- 
UM  on  the  26th  of  March.     Telegrams  from  the  Lick  and 
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Harvard  College  observatories  giving  the  discovery  position 
were  received  at  the  Students'  Observatory  the  following  day. 
Professor  Aitken  secured  his  first  observations  on  the  even- 
ings of  the  27th  and  30th,  cloudy  weather  prevailing  at  Mt. 
Hamilton  on  the  28th  and  29th.  No  further  observations 
from  Eastern  observatories  were  received  in  the  mean  time. 
Professor  Aitken's  observations  were  kindly  telegraphed  to  the 
Students'  Observatory  by  the  Director  of  the  Lick  Observator>\ 
The  three  positions  referred  to  above  are  as  follows : — 

March  26.3212     5*^44"^  14* .0     +10°   56'    56"  Giacobini  (Nice). 
27.6692     5     48     54  .8     +12     35     43  Aitken  (Mt.  Hamil 
30.7185     5     59     59.5     +16     19     II  Aitken  (Mt.Hamili 

Just  previous  to  the  discovery  of  this  comet,  Professor 
Leuschner  had  made  an  adaptation  of  his  **Short  Method"^  to 
the  direct  computation  of  a  parabola.  Applying  his  criterion 
to  ascertain  whether  or  not  a  parabola  would  fall  within  the 
limits  of  possible  solution,  it  was  found  that  a  parabola  could 
be  passed  through  these  observations.  Accordingly,  his  para- 
bolic method  was  applied  at  once,  and  the  following  elements 
obtained : — 

PRELIMINARY   ORBIT — ELEMENTS. 

T  =  1905  April  3.7312  Greenwich  M.  T. 

"=  156    45-5  ) 
i=    40     51  .4  V    1905.0 

<^  =  357°  49'-6  ) 
log  q  ■=  0.04981 

The  residuals  for  the  first  and  third  places  are : — 


I 

III 

Aa  COS  8         -+-  0".0 

—  o*.i 

AS                   +  0'  .04 

+  o'.04 

A  short  ephemcris  derived  from  these  elements  may  be 
found  in  Lick  Observatory  Bulletin,  No.  73. 

This  ephemeris  held  so  well  that  it  was  considered  unneces- 
sary to  compute  a  second  orbit  until  the  comet  had  covered 


*  Publicatiotts  of  the  Lick  Observatory^  \o\.  VII,  Part  1. 
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an  arc  of  some  length.    A  second  orbil  was,  therefore,  based 
upon  the  following  observations  by  Professor  Aitken  : — 


»I9DS.  Grctawirii  M ,  T. 
March  27.66920 
April  7.69426 
April    23.72829 


5"  48"'  54^85 


7     53     17  -34 


A,,.,,.,.        8 

+  "'  35' 

42"-9 

+  25    47 

09  .8 

+  41     05 

07  -5 

The  computation  was  made  by  Professor  Lilischneb's 
method  of  determining  diffcrcnlial  corrections  to  the  prelimi- 
nary orbit.  Starting  values  of  the  residuals  for  the  first  and 
third  dates  were  derived  from  the  geocentric  distance,  and  the 
heliocentric  velocities  at  the  middle  date  on  the  basis  of  the 
prdiminary  orbil  and  from  (he  observed  position  for  the  mid- 
dle date  corrected  for  parallax  and  aberration,  with  the  follow- 


^8 


-  o'    56".o        -}-  6'    20". 2 
-I     ^7  -5         +7     10  .2 


As  the  computation  was  arranged  so  as  to  remove  the  resid- 

bIs  in  a  and  throw  any  deviation  from  a  parabola  into  the 

sclinations  of  the  first  and  third  places,  it  vi-as  evident  from 

liese   residuals  that  a  second  approximation  would  give  no 

etter  result.     As  a  check,  however,  on  this  conclusion,  and 

for  the  purpose  of  producing,  if  feasible,  a  parabolic  ephemeris 

ivhich  would  represent  future  observations  as  satisfactorily  as 

tossible,  a  second  approximation  to  a  parabola  was  made  in 

lisuch  a  way  as  to  throw  all  [he  deviation  into  the  first  declina- 

|tion.     This  plan  was  found  more  convenient  than  a  distribu- 

of  the   deviation   betvyeen   the   right   ascension   and   the 

Klination.    The  resulting  residual  in  h  was  +  fi7"-8. 

This  residual  is  larger  than  can  be  accounted  for  by  the 

"  combined  effect  of  the  errors  of  observation  in  the  three  given 

positions. 

Although  parabolic  solutions  were  unnecessary  in  this  case, 

Jpiey  were  carried  through  in  deference  to  the  existing  tradition 

mong  astronomers  to  satisfy  if  possible  tJie  observations  of  a 

lew  comet  by  a  parabola  first,  and  to  attempt  an  ellipse  only 

iicn  it  can  be  definitely  shown  that  the  orbit  is  not  parabol_^ 

tbrtunately.  several  parabolic  solutions  can  be  made  by  P,., 
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fessor  Lecschner*s  method  very  quickly;  they  therefore  in- 
volved but  little  loss  of  time. 

As  the  observations  could  not  be  satisfied  by  a  parabola, 
another  set  of  elements  was  derived  from  the  residuals  of  the 
first  parabola  without  hypothesis  regarding  the  eccentricity,  by 
means  of  the  **Short  Method"  (cf.  Lick  Ohservatory  Bulletin, 
^o.  55).    They  are  as  follows: — 

ELEMENTS. 

T  =  1905  April  4.04387,  Greenwich  M.  T. 


<o        358°    12' 

i6".9 

n-157  25 

27  -3 

»—  40   13 

02  .0 

<l>       76    01 

46 

log  a      1. 576167 

log  e  —  9.986960 

q       I.I  14708 

l^-i5"-3376 

\ 


1905.0 


The  period  is  about  231  years. 

An  ephemeris  extending  to  June  3d  may  be  found  in  Lick 
Obserz'atory  Bulletin,  No.  76. 

This  orbit  represents  an  observation  by  Professor  Aitken 
on  the  night  of  May  21st,  very  closely.    The  residuals  are: — 

Aa  cos  8  =  +  o«.32  AS  =  +  3^5 

Professor  Aitken,  in  sending  this  observation,  says :  "The 
wind  was  swaying  the  telescope,  making  the  measures  difficult, 
so  that  fully  half  of  the  residual  mav  be  counted  as  error  of 
observation." 

In  passing,  it  may  be  well  to  point  out  some  of  the  salient 
features  of  Professor  Leusciiner's  new  method.  Besides  the 
rapidity  with  which  a  general  orbit  may  be  computed,  there 
may  be  noted  the  readiness  with  which  passage  may  be  made 
from  a  parabola  to  an  ellipse,  and  z'ice  versa;  the  small  amount 
of  labor  involved  in  making  successive  approximations  in  order 
to  remove  residuals  completely ;  the  ease  with  which  residuals 
fin  the  case  of  a  parabola)  may  be  distributed  at  will  among 
_iy  of  the  six  coordinates ;  and,  finally,  the  perfect  perspicuity 

the  whole  method,  which  enables  the  computer  to  see  the 
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meaning  of  every  step  in  the  computaiion,  nothing  being  hid- 
den in  abstruse  analytical  development. 

It  may  be  of  interest  to  add  that  in  this  computation  the 
"constants  for  the  equator"  were  computed  in  advance  of  the 
elements.  The  latter  were  computed  by  data  furnished  by  the 
former,  a  process  which  is  much  simpler  than  the  usual  method 

rP'^y^'^-  Russell  Tracy  Crawford. 

James  D.  Maddrill. 
Beskelev  Astronouical  Department.  ] 

The  Resignation  of  Astronomer  Hussey.  " 

I  regret  to  announce  that  Astronomer  W.  J.  Hussey  of  the 
Lick  Observatory  staff  has  resigned  his  position,  to  take  effect 
on  October  1.  1905,  in  order  to  accept  appointment  as  Pro- 
fessor of  Astronomy  in  the  University  of  Michigan  and  Direc- 
tor of  the  Detroit  Observatory.  In  accepting  this  resignation, 
^^he  Board  of  Regents  of  the  University  of  California  unani- 
^^Mously  passed  the  following  resolution : — 

^|P  ''  ResaUied,  That  in  accepting  the  rcsignalion  ci(  AsironoriKr  W.  J, 
^—HvssEV.  of  ihe  Lick  Astronomical  Departtnetit,  the  President  and  the 
Board  of  Regents  of  the  University  of  Cahfornia  beg  lo  acknowledge 
his  faithful  and  efficient  services  dnring  the  past  nine  and  a  half  years. 
His  discovery  of  thirteen  hundred  doiible-slar  systems,  his  study  of 
the»e  and  other  sy.siems,  and  his  obsen'aiions  of  many  of  the  satellites 
in  the  solnr  system  are  important  factors  in  the  history  of  the  Lick 
Observatory.  We  trust  that  his  work  in  the  position  which  lie  assumes 
in  the  University  of  Michigan  will  continue  strongly  lo  promote  the 
inieresis  of  astronomical  science." 

Professor  Hussey's  present  colleagues  wish  him  continued 

Iccess  in  his  new  position. 
It  is  understood,  I  believe,  that  the  observatory  at  Ann 
:bor  is  to  be  modernized  through  reconstruction  on  a  con- 
lerable  scale.  ,  W.  W,  Campbell. 

Appointment  of  Dh.  Curtiss  on  the  Staff  of  the 
Allegheny  Observatoby. 
Dr.  Ralph  Hamilton  Curtiss.  who  has  been  connected 
th  ihe  Lick  Observatory  for  the  past  four  years,  first  as  an 
assistant  on  the  Crocker  Eclipse  Expedition  to  Sumatra,  for  the 
next  three  years  as  Fellow  in  the  Lick  Observatory,  and  dur- 
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ing  the  past  half-year  as  Carnegie  assistant  in  the  Lick  Observ- 
atory, has  recently  been  appointed  Assistant  Astronomer  in 
the  Allegheny  Observatory. 

At  the  close  of  the  last  calendar  year  Mr.  Curtiss  received 
the  degree  of  Doctor  of  Philosophy  from  the  University  of 
California,  as  a  result  of  special  studies  made  in  the  Depart- 
ments of  Astronomy,  Physics,  and  Mathematics  in  Berkeley, 
and  of  Astrophysics  in  the  Lick  Observatory.  His  principal 
duties  in  the  Allegheny  Observatory  will  be  in  the  line  of  astro- 
physical  investigations  under  the  direction  of  Professor  Frank 

SCIILESINGER.  W.   W.   CaMPBELL. 

Honors  for  Professor  Perrine. 

At  the  May  meeting  of  the  Board  of  Regents  of  the  Uni- 
versity of  California,  Assistant  Astronomer  Charles  D.  Per- 
rine, of  the  Lick  Observatory  staff,  was  promoted  to  the  posi- 
tion of  Astronomer  in  the  Lick  Observatory,  in  recognition 
of  his  extremely  fruitful  work  in  several  lines  of  astronomical 
research. 

At  the  recent  commencement  of  Santa  Clara  College,  the 
oldest  institution  of  learning  on  the  Pacific  Slope,  the  honorary 
degree  of  Doctor  of  Science  was  conferred  upon  Professor 
Perrine.  W.  W.  Campbell. 

Smithsonian  Expedition  to  Mt.  Wilson. 

^Ir.  C.  G.  Abbot,  Aid  Acting  in  Charge  of  the  Smithson- 
ian Astrophysical  Observatory,  has  arrived  at  Mt.  Wilson,  and 
is  installing  apparatus  for  the  study  of  the  solar  constant.  Mr. 
Ai^bot  is  assisted  in  the  work  bv  Mr.  L.  R.  Ingersoll.  of  the 
University  of  Wisconsin.  The  object  of  the  expedition,  which 
has  been  sent  out  under  the  direction  of  Secretary  Langley, 
is  to  determine  whether  the  solar-constant  measurements  ex- 
hibit such  variations  as  have  been  observed  at  the  Smithsonian 
Observatory  during  the  last  few  years,  and  w^hether,  if  any 
variations  occur,  they  will  simultaneously  be  noted  in  Wash- 
ington, where  the  observations  are  to  be  continued  as  usual. 
Pyrhcliometer  readings,  which  are  now  being  made  throughout 
the  day,  indicate  that  the  atmospheric  conditions  on  Mt.  Wilson 
are  likely  to  prove  very  favorable  for  the  work.  Buifdings 
and  pier  for  the  spectrobolometer  and  other  instruments  have 
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already  been  constructed,  and  withiti  a  short  time  the  recording 
instruments  will  be  in  operation.  The  expedition  will  remain 
t  Ml.  Wilson  about  three  months.  Q.^as.'^i^  E.  Hale. 

Solar  Obsebvatory,   Mt.  Wilson,   Cal. 

Water  System  for  the  Solar  Obsekvatorv. 
A  pumping-plant.  consisting  of  a  triples  pump,  driven  by 
[  fivc-horse-power  electric  motor,  a  receiving  tank  of  20.000 
pllons  capacity,  a  pipe-line  2,100  feet  in  length,  with  a  rise  of 
125  feet,  a  storage  reservoir  of  30.000  gallons  capacity,  a  dis- 
tributing-pipe supplying  all  the  buildings  of  ihc  observatory, 
and  an  electric -power  line  from  the  power-house  to  the  pump, 
is  now  under  construction  on  Mt.  Wilson.  It  is  expected  that 
the  system  will  be  in  operation  within  two  weeks,  though  the 
large  reservoir  will  not  be  completed  until  later.  A  special 
fire-pump,  connected  with  a  500-gal!on  lank  containing  a  very 
efleciive  fire-extinguishing  fluid  (and  also  connected  with  the 
water  reservoir),  will  afford  protection  for  the  Snow  telescope- 
house  and  the  other  buildings.  George  E.  Hale. 
Solar  Observatory,  Mt.  Wilson.  Cal. 
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iitiTS  OF  THE  Sixth  and  Seventh  Satellites  of  Jupitf.r. 

The  sixth  satellite  was  under  observation  from  December 
3.  1904.  to  March  22,  1905,  inclusive,  and  the  seventh  satellite 
from  January  2,  to  March  9,  1905. 

Tlie  writer  computed  approximate  orbits  for  both  of  these 
satellites,  but  before  entirely  satisfactory  representations  of  the 
observations  were  secured  it  was  necessary  to  discontinue  this 
work  and  prepare  for  the  coming  eclipse. 

Dr.  F.  E.  Ross,  formerly  Fellow  in  the  Lick  Observatory 
and  now  in  the  Carnegie  Institution  of  Washington,  undertook. 
under  the  direction  of  Professor  Newcomb,  the  determination 
of  more  accurate  orbits  for  these  satellites.  He  has  completed 
the  orbit  for  the  sixth  satellite,  which  represents  the  observa- 
tions as  closely  as  can  be  expected.  According  to  this  orbit. 
the  sixth  satellite  Is  moving  about  Jupiter  in  the  same  direction 
as  the  five  inner  satellites,  and  in  a  period  of  242  days.  Its 
eccentricity  is  considerable,  however,  amounting  to  0.16,  and 
tile  iadiuation  of  its  orbit  to  the  plane  of  Jupiter's  ecpiator  is 
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very  large,  about  30°.  Its  mean  distance  from  Jupiter  is  about 
seven  million  miles. 

The  orbit  for  the  seventh  satellite  is  not  yet  finished.  That 
computed  by  the  writer  gave  a  period  of  two  hundred  days, 
with  a  mean  distance  of  six  million  miles  from  the  primary, 
and  an  eccentricity  of  0.36.  Like  the  sixth  satellite,  the  orbit 
of  the  seventh  is  inclined  at  an  angle  of  about  30°  to  the  plane 
of  Jupiter's  equator.  The  direction  of  motion,  however, 
appears  to  be  opposite  to  that  of  the  sixth  (and  the  five  inner 
satellites).  Should  this  prove  to  be  the  case,  these  two  bodies 
will  form  an  extremely  interesting  pair;  for  in  that  case  their 
orbit-planes  almost  coincide  in  space. 

The  disturbing  action  of  the  Sun  on  these  two  satellites  will 

^  ^       '  .  CD.  Perrine. 

May  28,  1905. 

Two  New  Variable  Stars. 

The  stars  numbered  564  and  565  in  the  Leipzig  II  zone  of 
the  Astronomische  Gesellschaft  were  used  as  comparison-stars 
in  photographic  observations  of  the  VI  and  VII  satellites  of 
Jupiter,  and  arc  found  to  be  variable.  Their  positions  for 
1875.0  are  as  follows: — 

No.  564        a  i^  24^  46^.79        S  +7°  51'   23".3      Mag.  8.9 
565  I     24    55  .30  +7    38    25  .5  9.0 

These  stars  appear  on  the  plates  of  January  25th,  26th,  27th, 
and  28th.     Rough   estimates  of  their  magnitudes  are  given 

below  :  „   o    -..  P,^^^  ^^      ^^^^  j^o  ^     star  No.  565 

^  1408 

1410 
1411 
1414 

1415 
1416 

1418 

1419 

1420 

So  far  as  I  am  aware,  these  stars  were  not  previously  known 
to  be  variable.  It  is  not  yet  possible  to  determine  magnitudes 
of  stars  on  these  photographs  with  any  great  degree  of  refine- 

"^^"^-  C.  D.  Perrine. 

May  27,  1905. 
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f  ScoRPtr  A  Bhoki-Pekiod  Binary. 

The  two  fifth-niagnitiide  components  that   form  the  close 

iblc-slar  S  igyS  ( :=  t,  ScorpU)  have  been  known  to  be  in 
orbital  motion  since  the  lime  of  Strl^vi;.  Careful  measures 
have  therefore  been  made  of  this  system  by  many  double- 
star  observers  during  ilie  past  seventy-five  years,  and  several 
attempts  have  been  made  to  compute  the  true  orbit. 

h  has  generally  been  assumed  that  the  orbit  is  nearly  cir- 
cular and  highly  inclined  toward  the  line  of  sight.  This  view 
was  taken  by  Schorr  in  his  thorough  discussion  of  the  data 
in  1889  ("Inaugural  Dissertation  zu  Miinchen").  and  by  Sek 
in  1895  ("Evolution  of  the  Stellar  Systems"),  the  results  ob- 
tained by  these  two  computers  being  very  similar.  They  give 
values  of  105  and  104  years,  respectively,  for  the  periodic  time, 
0.12  and  0.13  for  the  eccentricity,  and  68"  and  70'^  for  the 
inch  nation. 

My  measures  of  this  pair  during  the  past  seven  years  indi- 
cate a  very  different  form  of  orbit,  for  they  give  the  following 
residuals  from  the  places  computed  from  See's  elements : — 


A, 


,898..7 

+   1°.2 

+  o".03 

■899-35 

+  3  .3 

—  0  .05 

1901.47 

+  9-9 

—  0  .19 

■903.51 

-f-  27  -9 

—  0  .29 

1904.40 

+  55  .3 

—  0  .37 

1905.30 

+  100  .9 

—  0  .34 

From  these  measures  it  appears  that  the  motion  instead  of 
tcing  slow  is  now  very  rapid,  and  that  the  pair  is  now  a  difficult 
one  to  observe  with  the  36-inch  telescope  instead  of  being  an 
easy  object  for  an  instrument  of  small  aperture. 

Plotting  these  measures  and  all  others  that  were  available, 
I  found  it  possible  to  satisfy  them  with  an  apparent  ellipse 
that  yielded  a  very  eccentric  orbit  with  a  period  of  only  44.5 
years.  To  do  this  it  was  necessary  to  change  by  180"  the 
angles  given  by  observers  up  to  the  year  1862.  But  the  two 
components  are  so  nearly  equal  in  magnitude  that  this  may 
gitimately.    In  fact,  both  Schorr  and  See  made  such 

rection  lo  Herschel's  angle. 


112  Publications  of  the 

The  details  of  my  work  are  g^ven  in  a  forthcoming  Lick 
Observatory  Bulletin,  The  elements  now  computed  are  as 
follows : — 

True  Orbit. 
P=        44.5   years  Apparent  OrWt. 

Y  _  jQQc  .  Length  of  major  axis     i".464 

^  _       Q  y^y  Length  of  minor  axis    o  .802 

^  _     q''  ^qj  Dist.  of  star  from  center  o  .561 

^  __.    ^-^o  g  Angle  of  major  axis      ii°.o 

n  =z      20  .4  Angle  of  perihelion        13  .5 

J-  --._,_  20    I  Position  angles  increasing. 

These  results  are  considered  as  approximate  only.  The 
apparent  motion  of  the  companion  will  be  so  rapid  during  the 
next  few  years  that  data  will  soon  be  available  for  a  more 
complete  discussion  of  the  theory  of  the  system  than  seems 
advisable  at  present.  r   G  Aitken. 

May  29,   1905. 

New  Companions  to  Three  Struve  Double  Stars. 

In  the  course  of  my  systematic  search  for  new  double  stars 
I  have  recently  found  additional  close  companions  to  the  well- 
known  pairs,  S  419,  2  1000,  and  2  1823.  The  mean  results  of 
my  measures  of  the  new  and  old  companions  are  as  follows : — 

2419- 
7.4  —  9.8    2°     B  and  C.     New. 
y.2  —  7-3    2      A  and  B  =  2  419. 

2  1000. 

8.2  —  8.5     2°     AandB.     New. 
8.0  —  9.0     I       AB  andC  =  CS  1000. 

5  1823. 
9.0  —  9.5     2°    A  and  B.     New. 
87  —  97     2      AB  and  0=2  1823. 

My  measures  of  5  419  and  2  1000  give  practically  the  same 
results  as  those  obtained  by  Struve  seventy-five  years  earlier. 
Struve's  measure  of  2  1823  is: — 

1830.0         156°.!         3".35        8.5  —  9.5. 
May  23.  1905.  ^'  ^'  Aitken. 


I905I3 

347°-4 

o".44 

I905I3 

73^6 

3"o8 

1904.95 

3i3°-8 

o".27 

1904.94 

66  .8 

22  .29 

190534 

239°.2 

0".2I 

190534 

149  .6 

3  -49 
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Note  on  Secchi's  Companion  to  S2481. 

In  1856  Secchi  found  that  the  smaller  star  of  the  pair 
2  2481  was  itself  a  close  double.  It  was  a  very  difficult  object 
with  his  telescope,  and  he  was  able  to  measure  it  on  only  two 
nights.  A  few  measures  were  made  by  other  observers  in  the 
twenty-five  years  that  followed,  and  these  indicated,  rather 
uncertainly,  a  slow  retrograde  motion.  From  1881  on,  the 
star  seems  to  have  been  entirely  neglected  until  1897,  when 
it  was  placed  on  my  regular  observing-list.  I  have  followed 
it  carefully  for  the  past  eight  years,  and  can  now  say  certainly 
that  the  fact  of  orbital  motion  is  established  and  that  the  period 
is  probably  not  much  greater  than  fifty  years. 

Unfortunately  the  early  measures  are  not  only  few  in  num- 
ber but  also  very  discordant.  It  is  therefore  impossible  to 
compute  even  an  approximate  orbit  at  this  time,  though  the 
observed  arc  is  fully  340°.  It  will  probably  be  necessary  to 
wait  at  least  twenty  years  for  data  to  define  the  apastron  end 
of  the  apparent  ellipse. 

The  present  note  is  written  to  call  the  attention  of  double- 
star  observers  to  this  pair,  which  deserves  annual  measurement. 
So  far  as  I  can  discover,  the  following  list  includes  all  the 
existing  observations: — 

measures  of  2  2481    BC  =  SECCHI. 


1856.832 

93° 

4 

0" 

A 

1° 

Secchi. 

59.610 

98 

.2 

0 

4 

I 

Secchi. 

66.74- 

83 

4 

0 

.45 (est)  I 

0.  Struve. 

76.13 

84 

.8 

0 

49 

4 

SCHIAPARELLI. 

771^ 

69 

.8 

0 

•37 

2 

Dembowskl 

80.46 

91 

.1 

0 

•37 

5 

SCHIAPARELLI. 

81^57 

61 

.9 

0 

.33 

3 

Hough. 

97-85 

243 

•3 

0 

•17 

2 

AlTKEX. 

98.60 

211 

.1 

0 

•17 

2 

AlTKEN. 

1899.69 

187 

.9 

0 

.16 

3 

AlTKEX. 

1900.61 

148 

.2 

0 

•IS 

I 

Ait  KEN. 

01.40 

132 

.8 

0 

.14 

2 

AlTKEN. 

01.89 

137 

.1 

0 

•IS 

I 

AlTKEX. 

0371 

127 

.2 

0 

.23 

3 

AlTKEN. 

04.44 

120 

.0 

0 

.22 

2 

AlTKEN. 

o5^29 

114 

•3 

0 

.24 

I 

AlTKEN. 

May  22,  1905. 

R.    G.   AlTKEN. 
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Time-Signals  from  Washington. 

The  time-signals  sent  out  by  the  United  States  Naval  Ob- 
servatory on  May  3cl  in  honor  of  the  International  Railway 
Congress  were  sucess fully  received  at  the  Students'  Observa- 
tory of  the  University  of  California.  A  special  set  of  time- 
oDFervations  was  made  by  Dr.  Crawford  on  the  evening  of 
May  3d,  before  and  after  receiving  the  signals.  A  large  num- 
ber of  these  signals  were  measured  on  the  chronograph,  with 
the  result  that  the  Washington  midnight  signal  was  found  to 
have  been  registered  at  Berkeley  at  8**  59™  59".92,  P.  S.  T. 
This  result  is  based  on  the  adopted  longitude  of  Berkeley, 
gh  ^m  28.72  West  of  Greenwich.  The  Berkeley  Astronomical 
Department  is  indebted  for  courtesies  received  on  this  occasion 
to  Superintendent  F.  H.  Lamb  of  the  Western  Union  Tele- 
graph Company,  and  to  Vice-President  Louis  Glass  of  the 
Pacific  States  Telephone  and  Telegraph  Company. 

A.  O.  Leuschner. 
Berkeley  Astronomical  Department,  May  24,  1905. 

Dr.  A.  F.  GiLLiHAN,  for  two  years  Assistant  in  Practical 
Astronomy  in  the  Berkeley  Astronomical  Department  of  the 
University  of  California,  has  resigned  his  position  to  devote 
himself  exclusively  to  the  practice  o£^ medicine.  The  position 
is  as  yet  unfilled.  A  qualified  graduate  student  of  at  least  one 
year's  standing  would  be  acceptable  for  the  position. 

A.  O.  Lbuschner. 

Berkeley  Astronomical  Department. 
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I  The  Constant  of  Aberration. — The  Aslronomkal  Journal  ~ 
Ho.  571  contains  an  article  by  C.  L.  Doolittle  on  "The  Con- 
t  of  Aberration."  Professor  Doolittle  gives  the  definitive 
Esulls  of  eight  series  of  observations  for  the  determination  of 
Ithc  constant  ni  aberration,  extending  from  1889  to  1904.  The 
first  three  series  were  made  at  the  Sayre  Observatory  and  the 
balance  at  the  Flower  Observatory.  Altogether  15.363  pairs  of 
stars  were  observed,  and  the  final  value  deduced  for  the 
aberration  constant  is  2o".540.  Professor  Doolittle  remarks 
)  reasonable  changes  in  the  weighting  of  the  resuhs  of 
t  different  series  will  alter  this  result  more  than  o".oi.  One 
gins  to  wonder  sometimes  where  the  value  of  the  aberration 
ffistant  is  going  to  stop.  For  a  great  many  years  Strlve's 
nlue,  2o".445,  was  used.  In  1896  the  Paris  Conference 
^^dopted  the  value  2o".47  and  Professor  Young  gives  this 
value  in  his  work  on  General  Astronomy  with  the  remark 
that  it  is  still  uncertain  hy  o''.oi  or  o",02.  In  1903  Dr.  Chan- 
dler made  an  exhaustive  investigation  of  this  subject  and 
expressed  the  conviction  that  the  "  real  value  of  this  much- 
disputed  constant  is  likely  to  be  found  near  or  slightly  above 
20".  52." 

And  now.  in  1905,  Professor  Doolittle,  as  a  result  of  more 
than    fifteen   thousand   determinations   of   this   constant,   an- 
i  value  of  20". 54. 


In  the  same  number  of  the  Journal  mentioned  above  the 
Jommittee  on  variable  stars  of  the  Astronomische  Gesellschaft 
jives  a  list  of  fifty-eight  new  variable  stars  to  which  definitive 
ksignations  have  been  assigned. 


The  Astrophysical  Journal  for  March  contains  two  inter- 
ning articles  by  Professor  Geo.  E.  Hale,  entitled,  "A  Study 
E  the  Conditions  for  Solar  Research  at  Mount  Wilson,  Cali- 
"  and  "The  Solar  Observatory  of  the  Carnegie  Institu- 
ion  at  Washington."  The  latter  article  is  illustrated  by  some 
Occellent  views. 
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The  following  notes  have  been  taken  from  recent  numbers 
of  Science: — 

''  The  Astronomical  Observatory  built  by  the  late  Dr. 
Henry  Draper  at  Hastings-on-Hudson  in  i860  and  used  by 
him  for  his  researches  until  his  death  in  1882,  was  destroyed 
by  fire  on  March  31st.  The  telescopes  and  other  instruments 
were  removed  to  Harvard  University  in  1886,  where,  under 
the  direction  of  Professor  E.  C.  Pickering,  Mrs.  Henry 
Draper  established  the  Draper  Memorial  Fund,  but  photo- 
graphic negatives  and  other  material  of  historic  interest  have 
been  destroyed." 

**A  teaching  observator)'  will  be  established  by  the  Ontario 
government  at  the  University  of  Toronto.  Dr.  C.  A.  Chant 
expects  to  visit  the  observatories  of  the  United  States  to  study 
their  plans  and  mehods." 

Mr.  Percival  Lowell  has  established  a  liberally  endowed 
fellowship,  to  be  knowTi  as  the  Lawrence  Fellowship  for  the 
Department  of  Astronomy  at  Indiana  University.  By  the  terms 
of  the  endowment  the  Fellow  is  appointed  by  the  department, 
but  the  appointment  is  subject  to  the  approval  of  the  founder. 
A  Lawrence  Fellow  shall  be  given  an  opportunity  for  astronom- 
ical research  at  Lowell  Observatory,  and  to  prepare  a  thesis 
on  some  astronomical  subject  agreeable  to  the  Director,  and  the 
Fellow  Mr.  John  C.  Duncan,  '05,  has  received  the  appoint- 
ment for  1 905- 1 906. 

The  Fifth  Satellite  of  Jupiter, — In  number  100  of  these 
Publications  Professor  Barnard  published  a  reply  to  my  criti- 
cism (A.  S.  P.,  No.  98;  of  Miss  Dobbin's  computation  of  the 
orbit  of  the  fifth  satellite  of  Jupiter, 

It  seems  almost  incomprehensible  that  a  computer,  who  has 
the  best  reason  in  tlie  world  for  not  including  other  observa- 
tions,— namely  that  there  were  no  other  observations  of  a  sim- 
ilar kind, — should  fail  to  state  that  fact,  and  should  instead 
try  to  justify  the  course  pursued,  of  using  only  one  person's 
observations,  on  such  indefinite  grounds  as  gaining 
^'homogeneity,"  avoiding  "personality  of  different  ob- 
servers,"   etc.      It    should    be   the    aim    of    the    computer   to 
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W^xminate  raiher  than  lo  avoid  personalities  of  the  observers, — 

T  or   systematic   errors,   as   I   prefer  to   call   lliem.     That   the 

systematic   errors   of  competent   observers   in   measuring  the 

posit  ion -angle  and  distance  of   a   satellite  could   be  of  such 

magnitude  as  to  mask  the  quantities  sought  seems  to  me  highly 

improbable,  and  neither  Professor  Har.nard  nor  Miss  Dobbin 

Uias  shown  in  any  way  that  this  could  be  so.     I  for  one  am 

mmwilltng  lo  believe  without  proof  that  such  could  be  the  case. 

■  Professor  Bahnard  objects  to  my  cilalion  of  Mr.  Hinks's 
determination  of  the  solar  parallax.  That  the  cases  are  not 
^marallel  is  readily  admitted.  I  had  in  mind  in  partic- 
Bnlar  Mr.  Hinks's  remarks  near  the  bottom  of  page  72b 
K(^/.  A'.,  June,  1904J,  where  he  states:  "...  while  the 
Bquite  unexpected  large  errors  in  the  Algiers  plates,  (afrfH 
ftttirA  a  refractor  of  standard  palterit.  cannot  fail  to  inspire 
■Muiy  stimulating  doubts  as  to  the  absolute  I'aliic  of  results 
^pbloined  with  one  instrument  alone.  At  the  same  time  elimi- 
miation  of  the  larger  part  of  the  systematic  errors,  which  seems 
■to  have  been  achieved,  assures  us  at  once  of  the  practicability 
KOf  malting  a  general  solution,  and  of  the  difficulty  of  treating 
M/Qk  results  of  any  one  observatory  apart   from   the  others." 

■  {Italics  mine.)  These  words  were  written  concerning  a  spe 
R^c  problem,  and  that  they  do  not  apply  to  all  problems  goes 

■  without  saying.  I  gave  this  as  an  illustration  of  the  benefit  to 
mhe  derived  from  comparing,  for  the  purpose  of  detecting  and 

■  eliminating  systematic  errors,  observations  made  at  different 
lj[)laces. 

■  Professor  Barnard  cites  Dr.  Chandler's  determination  of 
■Che  orbits  of  the  companions  to  Comet  V  1889  as  an  illustration 
Woi  the  case  of  using  the  observations  of  only  one  man,     A  brief 

■  •tatement  is  as  follows,  the  quotations  being  from  Dr. 
■Chandler's  article  (A.  J.,  Nos.  236-237):— 

I        "The   companion    C   was   by    far   the   most   continuously 

■  and  generally  observed,  and  indeed  the  only  one  in  which 
Itbere  are  adequate  means  for  the  determination  of  a  satis- 
B  factory  orbit.  With  a  few  exclusions  for  mistakes  or  incom- 
Kpleteness,  we  have  155  positions,  covering  an  interval  of  114 
Bdays,  contributed  by  sixteen  observatories.  Of  these  the  Lick 
Hveries.  by  Barnard,  constitutes  over  one  third,  begins  earlier, 
Bvnds  later,  and  is  more  continuous  than  anv  other.     It  has  a 
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superior  degree  of  excellence  as  to  smallness  of  accidental ' 
error;  and  notwithstanding  some  small  peculiarities  that  will 
appear  later  in  the  discussion,  we  may  be  warranted  in  assum- 
ing that  the  advantages  of  exceptional  atmosphere  and  aperture 
reduce  to  a  minimum  the  chance  for  varying  systematic  error, 
dependent  on  the  changing  aspect  of  this  faint  object  during  its 
long  season  of  visibility.  I  have,  therefore,  unhesitatingly 
chosen  this  series  as  a  zero  of  reference  for  the  constant  errors 
of  the  other  observations,  and  have  also  given  an  independent 
solution  based  on  the  Lick  observations  alone,  jor  comparison, 
with,  and  re-enforcement  of,  the  conclusions  drawn  from  the 
general  solution."  (Italics  mine.)  It  is  seen  from  this  that  the 
other  observations  were  not  rejected,  and  the  solution  from 
Barnard's  observations  was  merely  used  to  re-enforce  the  con- 
clusions drawn  from  the  general  solution.  As  far  as  I  am  able 
to  find,  Dr.  Chandler  makes  no  statement  concerning  the  rela- 
tive merits  of  the  results  of  the  two  solutions.  Instead  of  being 
an  example  of  **one-man"  work.  Dr.  Chandler's  article  seems 
to  me  to  be  a  most  excellent  example  of  the  combination  of 
observations  made  at  different  observatories. 

For  the  companion  B  there  were  twenty-three  observations 
made  at  the  Lick  Observatory  and  six  at  Vienna.  Concerning 
these  Dr.  Chandler  says:  "In  attempting  to  find  the  most 
probable  orbit  of  B  from  a  discussicm  of  the  above  material,  we 
meet  two  obstacles  to  a  satisfactory  solution.  The  first  arises 
from  the  serious  discordances  between  the  Vienna  and  the 
Lick  observations,  already  noticed  in  a  less  degree  in  those  of 
companion  C  (p.  157).  .  .  .  After  expending  much  time  and 
labor  in  futile  experiment  with  various  hypotheses,  I  am  forced 
to  the  conclusion  that  the  only  way  to  meet  the  first  difficulty — 
since  the  Vienna  observations  are  not  numerous  enough  to  be 
independently  discussed — is  to  assume  the  correctness  and 
homogeneity  of  the  Lick  series,  with  the  36-inch,  and  to  base 
the  calculations  on  them  alone." 

I  am  indeed  surprised  that  Professor  Barnard  should  quote 
this  instance  to  uphold  his  procedure.  There  is  as  much  dif- 
ference between  tlie  two  cases  as  there  is  between  dav  and 
night.  Dr.  Chandler  rejected  the  Vienna  observations  only 
after  spending  much  time  and  labor  in  an  attempt  to  reconcile 
the   two   series,   while   Professor   Barnard   would   reject   to 
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■1)egin  with  all  other  observations  for  fear  of  confusion  that 
,-  arise  from  systematic  errors.     It  should  go  without  say- 
I  ing  that  no  general  conclusions  can  be  drawn  from  Dr.  Chand- 
I  t-£K's  procedure  in  this  case. 

Professor  Barnard  cites  a  second  case  to  uphold  his 
'  method.  It  is  the  determination  of  corrections  to  the  elements 
of  the  orbit  of  the  satellite  of  Neptune,  by  Professor  Asaph 
Hall  (A.  J.,  441).  Professor  Hall  computed  the  orbit  of 
this  satellite  in  1883,  and  later  chose  a  series  of  observations 
made  in  1897  and  1898  by  Professor  Barnard,  with  the  40-incli 
Yerkes  telescope,  to  test  the  accuracy  of  the  elements.  No 
statement  is  made  by  Professor  Hall  of  the  reasons  he  may 
I  bave  had  for  not  including  other  observations.  No  other  series 
1  contains  anywhere  near  as  many  observations  as  Baknaku's, 
jid  it  may  be  that  Professor  Hall  considered  all  others  as 
|, sporadic.  M  so.  that  would  be  sufficient  ground  for  rejecting 
kthem,  but  others  might  legitimately  differ  with  him  as  to  the 
I  aporadicalness  of  the  observations.  Or  again,  he  may  have 
{considered  that  the  time  was  not  ripe  for  making  a  definitive 
F  discussion  of  the  orbit,  or  it  may  be  that  he  did  not  care  to 
enter  into  the  amount  of  labor  that  a  complete  discussion  would 
call  for.  My  own  opinion  is  that  Professor  Hall's  main  ob- 
ject was  to  lest  the  orbit  determined  by  him  and  this  could 
I  be  done  by  means  of  one  series  of  observations  as  well  as  by 
many,  and  it  was,  perhaps,  not  incumbent  upon  him  to  state 
the  reasons  for  proceeding  as  he  did.  It  is  not  always  neces- 
sary for  a  person  to  state  the  reasons  why  he  has  not  done 
aomething  which  he  might  have  done;  but  if  he  does,  the 
reasons  should  be  good  ones. 
In  writing  the  criticism  I  had  no  intention  whatever  of 
casting  reflection  or  suspicion  upon  Professor  Barnard's  ob- 
servations. It  has  been  shown  a  number  of  times  that  he 
makes  micrometric  measures  of  a  high  degree  of  excellence  and 
that  his  observations  are  in  general  particularly  free  from 
both  accidental  and  systematic  errors.  My  criticism  of  Miss 
Dobbin's  work  is  solely  that  the  reasons  assigned  for  her  pro- 
cedure are  faulty  and  insufficient, — aUhough.  as  a  matter  of 

fact,  the  best  of  reasons  did  actually  exist,  and  I  have  every 

»son  to  believe  that  she  has  done  a  very  creditable  piece  of 
work.  S.  D.  T. 
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INVESTIGATION    OF    THE    RUMFORD    PHOTOM- 
ETER   OF    THE    LICK    OBSERVATORY. 


Bv  James  D.  Maddrill. 

About  five  years  ago,  a  photometer  of  new  type,  devised  by 
Professor  E.  C.  PicKtiHiNc;,  and  constructed  with  the  aid  of 
the  Rumford  Fund  of  the  American  Academy,  was  received 

I  at  the  Lick  Observatory.  It  was  planned  with  special  reference 
to  convenience  of  use  and  reduction. 
The  telescope  objective  forms  an  image  of  a  star  in  the 
focal  plane  of  (he  ocular  P  (see  illustration).  An  artificial  star  is 
(ormed  beside  this,  by  the  system:  lamp  A,  pin-hole  diaphragm 
C,  ground-glass  D,  projecting- lens  G,  and  diagonal  plane  glass 
rellecior  K.  The  image  reflected  by  the  back  .surface  of  the 
<liagona1  plate  is  not  used,  except  to  aid  the  observer  in  bring- 
^^  ing  the  images  of  different  real  stars  successively  to  the  same 
^L  position  relatively  to  the  artificial  star.  The  artificial  star  can 
^Hbe  made  to  resemble  the  real  star  image  in  size  by  adjusting 
^Vthe  distance  of  [he  ground-glass  D  from  the  diaphragm  C, 
^Hand  also  by  moving  the  lamp  A  toward  or  away  from  the 
^H  diaphragm.  D  is  movable  longitudinally  by  a  lateral  motion 
^H  of  the  screw  E  in  an  inclined  slot.  The  blue-glass  B  gives  the 
^H  artificial  star  the  color  of  the  "average"  real  star.  The  bright- 
^■ness  of  the  artificial  star  can  be  varied  at  will  by  moving  a 
^H  "wedge"  F  of  photographic  film,  which  cuts  olT  a  part  of  the 
^Hi  light  by  absorption  and  reflection,  the  variation  In  magnitude 
^Hf  being  nearly  proportional  to  the  displacement  of  the  wedge. 
^HXhe  wedge  has  a  range  of  about  four  and  a  half  magnitudes. 
^Blf  the  artificial  star  is  too  bright  for  comparison  with  a  real 
^B  Btar,  one  or  both  of  the  shades  H  can  be  interposed  in  the  cone 
^"  of  rays,  and  the  light  reduced  about  two  or  four  magnitudes, 
respectively.  If  the  artificial  star  is  not  bright  enough,  the 
brightness  of  the  t€a]  star  image  can  be  diminished  by  using 


122  Publications  of  the 

one  or  both  shades  L,  or,  if  necessary,  by  cutting  down  the 
aperture  of  the  telescope. 

To  determine  the  magnitude  of  a  star  x,  the  artificial  star 
is  made  equal  to  it  in  brightness  and  the  position  of  the  wedge 
is  read  from  a  graduated  scale.  The  artificial  star  is  then  com- 
pared with  a  neighboring  star  of  known  magnitude  and  the 
wedge-scale  reading  taken.  Progressive  light  changes  in  the 
artificial  star  are  practically  eliminated  by  immediate  repetition 
of  comparisons  in  the  reverse  order.  The  diflFerence  of  mag- 
nitude between  x  and  the  standard  star  is  obtained  by  convert- 
ing the  difference  of  scale-readmgs  into  magnitudes. 

Preliminary  measures  of  standard  stars  by  Dr.  Aiitken 
early  showed  that  the  change  of  absorption  per  scale-division 
was  not  the  same  at  different  parts  of  the  wedge,  and  that 
an  absorption-curve  or  table  would  be  required  to  obtain  results 
of  the  accuracy  desired.  The  measures  also  showed  that  the 
determination  of  such  a  curve  from  stars  would  demand  a  very 
large  number  of  settings.  At  the  suggestion  of  Director 
Campbell,  the  photometer  was  taken  to  Berkeley  for  measures 
on  the  Lummer-Brodhun  laboratory  photometer,  kindly  placed 
at  our  disposal  by  Professor  Slate.  One  side  of  the  screen 
was  illuminated  by  light  passing  through  the  wedge,  and  the 
other  side  by  light  from  an  illuminated  surface  whose  distance 
could  be  changed  and  measured.  The  wedge  absorption  was 
determined  at  scale-divisions  o,  5,  10.  .  .  .  to  the  end  at  65. 
The  following  values  of  the  absorption  relative  to  the  absorption 
at  scale-reading  o.  resulted : — 


Wedge. 

Rel.  Abs. 
in  Mag. 

Wedge. 

Rel.  Abs. 
in  Mag. 

0 

0.000 

35 

2.556 

5 

0.045 

40 

3.002 

10 

0.414 

45 

3370 

15 

0.968 

50 

3-577 

20 

1. 42 1 

55 

3.612 

25 

1.772 

60 

2.54 

30 

2.108 

65 

0.02 

The  measures  very  closely  resemble  those  made  on  this 
wedge  by  three  observers  at  Harvard  College  Observatory 
before  the  photometers  were  sent  out.  But  the  curve  differs 
considerably  in  slope  (or  average  value  of  change  of  absorp- 
tion per  division)  from  the  value  found  by  Dr.  Aitken  from 
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star  measures.  The  phenomenon  is  probably  due  to  the  dif- 
ferent effect  on  points  and  surfaces  of  the  diffusion  by  the 
silver  grains  of  the  wedge.  Varying  the  apparatus  in  the 
laboratory,  it  was  found  that  the  slope  was  affected,  but  that 
the  form  of  the  curve  was  not.  That  is,  all  the  curves  could  be 
obtained  from  any  one  by  a  simple  "  stretching  *'  of  the 
curve  in  the  direction  representing  change  of  absorption. 

A  number  of  measures  of  Pleiades  stars  were  accordingly 
made  by  Dr.  Aitken  to  obtain  data  for  the  determination  of 
the  **  stretching  factor "  to  be  applied  to  the  curve  of  rela- 
tive absorption  tabulated  on  page  122.  The  measures  gave 
f  =.  -f- 0.261  ±:  o.oii.  It  was  found  that  change  of  aperture 
or  use  of  shades  affected  j,  a  somewhat  larger  value  resulting 
when  the  aperture  was  cut  down  or  when  the  shades  L  were 
used.  The  physiological  effect  of  change  of  background  seems 
to  be  different  for  stars  of  different  brightness.  The  value 
-}-  0.261  is  a  mean  value  adopted  for  apertures  larger  than 
six  inches,  with  or  without  shades.  Differences  of  magnitude, 
measured  with  any  combination  of  apertures — over  six  inches — 
and  shades,  will  not  be  more  than  one  or  two  per  cent  in  error 
if  the  reduction  employs  the  curve  obtained  by  increasing  each 
tabulated  value  (p.  122)  by  0.261  of  itself.  The  result  of  this 
stretching  is  given  in  the  following  table,  in  which  the  thou- 
sandths have  been  dropped  and  the  relative  absorption,  ;;/, 
interpolated  for  each  division,  d: — 


TABLE  OF 

m   WITH 

ARGUMENT   d. 

d 

00 

10 

ao 

30 

40 

so 

0 

0.00 

0.52 

1.79 

2.66 

379 

451 

I 

0.00 

0.67 

1.89 

2.76 

390 

4-54 

2 

0.00 

0.82 

1.98 

2.87 

4.(X) 

4-56 

3 

0.0 1 

0.96 

2.07 

2.99 

4.09 

4.57 

4 

0.02 

1. 10 

2.15 

3.10 

417 

4-57 

5 

0.05 

1.22 

2.23 

3.22 

4-25 

4-56 

6 

O.IO 

1.34 

2.31 

3-33 

432 

♦ 

7 

0.17 

1.46 

2.39 

3-45 

4.38 

••' 

8 

0.26 

1-57 

2.47 

3-57 

4-43 

••* 

9 

0.38 

1.68 

2.56 

3-68 

4-47 

%•- 

10 

0.52 

1.79 

2.66 

379 

4-51 

* 

A   careful   examination   of  the   absorption   of   the   shade- 
glasses,  made  with  the  laboratory  photometer,  gave  for  the 
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shades  L:  I,  0^.89;  I  and  II,  I'^.JS-  It  has  never  been  found 
necessary  here  to  use  both  shades  H,  the  shade  No.  2,  nearest 
the  projecting-lens,  being  sufficient  to  extinguish  the  artificial 
star  at  high  readings  of  the  wedge.  The  absorption  of  this 
shade  is  1^.72. 

The  practical  range  of  the  photometer  for  direct  compari- 
sons is  about  jYz  mag.,  from  about  93^  mag.  to  17  mag.,  with 
the  36-inch  refractor,  and  from  about  6^  to  14  mag.  with  the 
12-inch.  By  a  recent  modification  of  the  telescoping  adapting- 
tube  AX  (since  the  drawing  here  reproduced),  by  which  the 
lamp  A  can  be  moved  about  an  inch  closer  to  the  diaphragm  C 
than  before,  the  range  of  direct  comparison  can  be  shifted  about 
lYz  mag.  in  the  direction  of  increased  brightness.  If  a  brighter 
lamp  A  were  practicable,  so  that  both  shades  H  would  be 
required  to  extinguish  the  artificial  star,  the  range  would  be 
further  increased  to  include  stars  ij^  mag.  brighter.  The 
present  available  battery  capacity  is  barely  sufficient  for  the 
lamp  we  are  now  using. 

The  following  example  will  illustrate  the  method  of  reduc- 
tion I  have  been  using.  The  stars  a,  fc,  c,  etc.,  are  stars  in  the 
vicinity  of  R  Droconis,  The  measures  were  made  with  the 
36-inch  refractor  by  Dr.  Aitken,  1903,  August  19th.  d  is  the 
mean  of  two  sets  of  four  settings  each  on  the  stars  a,  b,  f,  d,  e; 
of  three  sets  of  four  settings  each  on  the  stars  g,  r,  s,  /,  m. 
;;/  is  taken  from  the  table.  Columns  nine  and  ten  indicaite  the 
accuracy  to  be  expected.  The  Roman  numerals  indicate  the 
shades  L  used.  In  the  fifth  column  a  constant,  k,  is  intro- 
duced to  convert  the  differential  measures  to  absolute  magni- 
tudes based  on  the  system  of  provisional  magnitudes  M,  The 
last  two  columns  give  the  results  of  similar  measures  made 
by  the  same  observer  on  two  other  nights. 

Mean  Rang:e. 
Strtttne  =  Mag. 
*  d  m     Shades.       Obs.  M  k      Obs.  Mag.  a  m 

a  I  II  10.60  0.61  1.75  k — 1.14  =  11.12  12.26  11.51  ±1.2  ±0.18  11.52  11.45 

b  I  II  12.78  0.93  1.75  —0.82      11.82  12.64  11.83  0'9        'li  '     11.76  11.87 

c  III  14.51  r.i6  1.75  —0.59      12.20  12.79  12.06  1.2        .14  12  2g  12.17 

rf  I  II  1866  i.6j  1.75  — o.ii      12.38  12.49  I2'54  0-7        'OS  12.29  12.31 

f  I  II  16.16  1.36  1.75  —0.39      12.67  »3-o6  12.26  0.6        .07  12.31  I2.40- 


Aug.   Aug. 

3^h.    2Ibt. 


Mean 

.12 

Q  - 

38.87 

3-67 

— 

+  367        .... 

16.32 

1.6 

.18 

>6  53 

16.41 

r  — 

40.37 

383 

— 

+  3.83        ...- 

16.48 

M 

.15 

16.71 

16-45 

s  — 

43-13 

4.10 

— 

+  4.10        

16.75 

1-7 

.14 

16.69 

16.67 

/  — 

44.14 

•4.18 

— 

+  4.»8        .... 

16.83 

0.8 

.c6 

16.77 

16.68. 

M  — 

'47-99 

4.43 

— 

+  4.43 

17.08 

2.a 

.10 

17.00 

17.01 

Mean  k  =  12.63  Mean    .13 
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A  discussion  of  all  the  observations  made  by  the  author 
■  that  are  suitable  for  determination  of  probable  error  shows 
Kthe  probable  error  of  a  single  determination,  based  on  two  sets 
■of  four  settings  each  on  a  star,  to  be  ±  0.050  mag. 
Mt.  Hamilton,  July  31,  1905. 


\  PLAXETARY  PHENOMENA  FOR  SEPTEMBER  AND 
OCTOBER,  1905. 

Vit  Malcolm  McNeill. 

PKAS^  OP  THE  MOON,  PACIFIC  TIME. 

kFirst  Quarter.  Sepi.  5,    8'  9- p.m.  I  First  Quarter,  Oct. 


I  Full  Mo< 

\  Last  Quarter, 

L  New  Moun, 


Full  Moon, 
Last  Quarter, 

I  New  Moon, 


^  58 


I 
I 


The   Sun   reaches  the  autumnal   equinox   and   ( 
equator  from  north  to  south  at  about  y  a.  m.  September  23d, 
Pacific  time. 

Mercury  passed  inferior  conjunction  with  the  Sun  August 
29th  and  became  a  morning  star.  At  the  beginning  of  Sep- 
tember it  is  stil!  loo  close  to  the  Sun  to  be  seen,  but  it  moves 
rapidly  away  and  reaches  greatest  west  elongation  September 
15th.  Us  apparent  distance  from  the  Sun  is  then  17°  54'. 
This  is  considerably  less  than  the  average,  because  the  planet 
is  then  near  its  perihelion,  which  it  passes  a  little  more  than 
two  days  later.  However,  the  planet  is  near  a  part  of  the 
ecliptic  which  is  several  degrees  north  of  the  Sun's  position. 
and  is  in  the  part  of  its  orbit  which  is  north  of  the  ecliptic. 
The  two  causes  to  a  large  extent  compensate  for  the  small 
elongation,  and  the  planet  can  be  seen  in  the  morning  twilight 
for  a  fortnight  or  more  about  the  time  of  greatest  elongation. 
At  that  time  it  rises  fully  an  hour  and  a  half  before  sunrise, 
and  the  interval  is  more  than  an  hour  for  a  week  or  so  before 
and  after  September  15th,  the  date  of  greatest  elongation, 

Venus  is  a  morning  star,  rising  more  than  three  hours 
before  sunrise  on  September  ist.  The  interval  shortens  to 
less  than  three  hours  by  October  ist,  and  at  the  end  of  the 
month  it  i&  only  a  little  more  tlian  two  hours.    Since  the  planet 
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passed  its  greatest  west  elongation  in  July  its  apparent  distance 
from  the  Sun  has  diminished  from  46°  to  38°,  and  this  distance 
suffers  a  farther  diminution  to  23*^'  by  the  end  of  October.  Dur- 
ing the  two  months  the  planet  moves  among  the  stars  from 
Cancer,  through  Leo  and  into  Virgo,  70°  eastward  and  23° 
southward.  On  the  night  of  September  25-26th  Venus  passes 
not  quite  the  Moon's  apparent  diameter  south  of  the  first- 
magnitude  star  Regit! us,  a  Leonis;  and  somewhat  later  on  the 
same  night  the  Moon  passes  less  than  1°  south  of  the  planet. 
The  Moon  also  occults  the  star  earlier  in  the  night,  the  occul- 
tation  being  visible  from  a  large  part  of  the  United  States. 
The  real  distance  of  the  planet  from  the  Earth  is  increasing 
quite  rapidly,  being  nearly  five  times  as  great  on  October  ist 
as  it  was  on  April  27th,  the  time  of  conjunction,  and  there  has 
been  a  considerable  diminution  of  brightness,  but  Venus  is  still 
the  most  brilliant  object  in  the  early  morning  sky. 

Mars,  although  it  has  lost  much  of  the  brightness  it  had 
at  the  time  of  opposition,  is  still  a  noticeable  object  in  the 
southwestern  sky  in  the  evening.  It  sets  shortly  after  10  p.  m. 
on  September  ist,  and  shortly  after  9  p.  m*  on  October  31st. 
It  moves  from  Scorpio  to  the  eastern  part  of  Sagittarius  about 
45°  eastward  during  September  and  October.  In  early  Sep- 
tember it  is  quite  near  the  first-magnitude  red  star  Antares, 
a  Scarpa.  The  time  of  nearest  approach  is  September  4th ; 
on  this  date  the  planet  is  less  than  3°  north  of  the  star.  During 
the  two  months  its  distance  from  us  in  millions  of  miles  in- 
creases from  96  to  128,  and  there  is  a  consequent  diminution 
of  brightness  of  nearly  fifty  per  cent. 

Jupiter  now  rises  so  that  it  may  be  observed  as  an  evening 
object,  at  about  10:30  p.m.  on  September  ist,  about  8:30  on 
October  ist,  and  before  6:30  on  November  ist.  It  is  in  the 
constellation  Taurus,  about  5°  north  and  west  of  the  first- 
magnitude  star  Aldebaran,  and  up  to  September  25th  it  moves 
about  I  °  eastward ;  then  it  begins  to  move  westward,  and  by 
the  end  of  October  it  has  moved  about  2°,  retracing  almost 
exactly  its  eastward  path,  occupying  a  position  only  6'  from 
that  which  it  held  on  August  20th. 

Saturn  passed  opposition  on  August  23d.  and  is  therefore 
above  the  horizon  nearly  the  entire  night  early  in  September. 
It  sets  about  four  minutes  earlier  each  night,  and  by  the  end 
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of  October  it  sets  half  an  hour  after  midnight.  It  is  on  the 
border  of  Aquarius  and  Capricorn,  and  moves  slowly  westward 
about  2**  30'  until  October  31st,  when  it  becomes  stationary. 
As  there  are  no  bright  stars  in  that  part  of  the  sky,  the  planet 
can  be  easily  identified,  although  it  is  not  much  brighter  than 
a  first-magnitude  star. 

Uranus  is  in  the  southwestern  sky  in  the  evening.  It  sets 
at  about  midnight  on  September  ist  and  at  about  8  p.  m.  on 
October  31st.  It  is  in  Sagittarius,  and  moves  slowly  westward 
until  September  9th.  Then  it  begins  to  move  eastward,  making 
a  little  more  than  1°  by  October  31st.  The  nearest  bright  star 
is  the  star  in  the  end  of  the  handle  of  the  "milk  dipper,"  and 
Uranus  lies  beyond  that  at  about  the  same  distance  as  the 
nearest  star  of  the  bowl,  but  in  the  opposite  direction. 

Neptune  is  in  Gefnini.  It  rises  about  i  a.  m.  on  September 
1st,  and  a  little  before  9  p.  m.  on  October  31st. 


NOTES    FROM     PACIFIC    COAST    OBSERVATORIES. 


Pi[<r 
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Of  importance  and  interest  to  those  engaged  in  the  wort 
of  measurement  or  reduction  of  photographic  plates  is  a  dis- 
sertation by  Walter  Zlrhellrn.  of  Bonn  University.  entitW 
'■  Darlegung  und  Kritik  zur  Reduction  phot ographisc her  Hir 
m  e!  sau  f  n  ahm  en . " 

The  photographic  method  of  investigation  has  been  give! 
a  new  impetus  recently  through  its  application  in  the  deieri 
mination  of  the  solar  parallax  and  by  the  completion  an^ 
distribution  of  a  few  volumes  of  the  astrographic  catalogue. 

The  great  enthusiasm  which  appeared  when  the  possibililieE 
of  the  photographic  method  began  to  be  realized  was  dam- 
pened by  the  fact  that  an  excessive  amount  of  time  and  labor 
was  found  to  be  required  not  only  to  prepare  for  work  by 
adjusting  and  investigating  the  errors  of  the  photographic  iele-1 
scope  and  the  measuring  apparatus,  but  to  get  the  photographsMT 
measure  the  plates,  and  perform  the  reductions,  after  all  thi^ 
preliminary  work  had  been  done.    The  recent  tendency  has  been] 
to  reduce  the  labor  involved  by  the  development  of  special 
methods  suited  to  the  various  problems  and  the  constnicttoi 
of  tables  to  facilitate  the  reduction. 

Dr.  ZiT<HKi,i,EN  has  given  an  exposition  of  the  methods  i; 
most  general  use  in  the  reduction  of  photographic  mi 
The  first  section  is  an  introduction  in  which  the  coordinal 
systems  most  used  in  the  subsequent  pages  are  clearly  detinei 
with  the  help  of  figures,  and  algebraic  relations  are  given  I 
tween  the  coordinates.  The  second  section  is  devoted  to  tlu 
formulas  used  in  computing  corrections  for. refraction,  aberra- 
tion, precession,  and  nutation,  and  in  determining  the  plate 
constants  with  the  help  of  known  stars  on  the  plate.  The  dis- 
cussion of  the  refraction  formulas  is  somewhat  unsatisfactory, 
due  to  the  involved  nature  of  the  algebraic  processes  and  tll| 
difficulty  of  estimating  the  relative  importance  of  the  ten 
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re  dropped  early  in  the  discussion.  The  objections 
[cd  against  the  very  simple  and  elegant  formulas  produced 
jfcssor  Turner  {Monthly  Notices,  Vol.  LVIl,  p.  136) 
seem  to  the  writer  to  be  valid.  Turner's  fomudas,  as 
\ield  the  components  o(  the  displacement  due  to  refrac- 
1  as  a  function  of  the  true  coordinates  of  the  star,  the  y  axis 
;  reference  passing  through  the  pole.  If  the  coordinates  of 
fcc  stars  and  of  tlie  center  of  Ihe  plate  as  affected  by  refraction 
;  substituted  for  the  corresponding  true  coordinates  and  ihe 
constant  of  refraction  approprialely  modified,  the  formulas  will 
yield  the  components  of  the  corrections  necessary  to  remove 
the  effect  of  refraction  from  the  measured  coordinates.  Tables 
to  facilitate  tiie  application  of  these  formulas  have  been  con* 
structed  at  this  observatory  and  are  to  be  published  in  Volume 
VII  of  the  Ptiblicatiotts  of  the  Lick  Obscrz-atory. 

The  remainder  of  this  section  contains  a  valuable  discussion 
F  the  other  corrections  which  must  be  applied  in  the  deriva- 
i  of  ideal  coordinates.  The  discussion  of  the  corrections 
(kieecssitatcd  by  the  inclination  of  the  plate  to  its  true  position 
KFpendicular  to  the  optic  axis  will  prove  especially  valuable 
>  those  working  with  lenses  covering  a  field  several  degrees 
I  diameter.  The  treatment  of  Professor  Turner's  six  con- 
tent method  of  reduction  seems  rather  severe,  particularly  the 
1st  sentence  of  the  section,  which  states  that  the  method  should 
:  "aUogether  discarded."  The  general  opinion  seems  to  be 
in  many  cases  Professor  Turner's  method  is  sufficiently 
^ccurale  and  more  convenient  than  any  other. 

The  last  section  deals  with  the  transformation  of  ideal  co- 
-ordinates into  intervals  of  Right  Ascension  and  Declination. 
Tie  matter  is  handled  clearly  and  concisely  and  the  advantages 
i  several  methods  well  stated. 
The  list  of  books  and  articles  consulted  in  preparing  the 
(Hssertation  contains  the  important  contributions  to  the  subject. 
This  dissertation,  though  it  does  not  claim  to  contain  many 
new  formulas,  is  a  real  contribution  to  the  subject,  as  an  intelli- 
I  gent  collection  and  discussion  of  the  most  important  method 
use.     The  main  obstacle  to  the  more  general  use  of 
ftie  photographic  method  is.  as  stated  above,  the  excessive  labor 
if  the  measurement  and  reduction — particularly  the  latter.    The 
kuthor  has  recognized  that  the  first  step  in  overcoming  this 
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obstacle  is  to  collect  the  various  methods  for  a  comparative 
study.  B.  L.  Newkirk. 

The  Students*  Observatory  has  been  honored  recently  by 
the  visits  of  several  men  of  distinction  in  the  scientific  world. 
Dr.  John  M.  Van  Vleck,  Professor  of  Mathematics  and  As- 
tronomy in  Wesleyan  University,  of  Middletown,  Connecticut, 
spent  some  days  in  Berkeley  in  the  latter  part  of  May.  Some 
weeks  later  we  were  visited  by  Dr.  Otto  Tetens,  who  has 
been  engaged  for  several  years  in  making  magnetic  observa- 
tions in  Samoa  under  the  auspices  of  the  Royal  Academy  of 
Sciences  of  Gottingen.  More  recently,  the  observatory  has 
been  favored  by  visits  from  Professor  E.  O.  Lovett,  of  Prince- 
ton University,  Mr.  Douglass,  formerly  of  the  Lowell  Observa- 
tory, Flagstaff,  Arizona,  and  Professor  Robert  Simpson 
Woodward,  President  of  the  Carnegie  Institution,  of  Wash- 
ington. A.  O.  Leuschner. 

Observations  of  the  Sixth  Satellite  of  Jupiter. 

The  sixth  satellite  of  Jupiter  shows  on  several  plates  recently 
taken  with  the  Crossley  reflector.  Comparatively  rough  meas- 
ures of  the  plates  on  the  flights  of  July  25th,  26th,  and  27th, 
with  exposures  of  30  minutes,  i  hour,  and  i  J/2  hours,  respective- 
ly* gave  the  following  positions  for  the  satellite  relative  to 
Jupiter,  a  reversed  image  of  which  appears  on  the  plates : — 


Date. 

Distance. 

Position  Angle 

July  25.95 

25'.i 

SS'-o 

26.97 

24.3 

52   7 

2793 

23.6 

50  -7 

The  parts  of  the  star-trails  used  in  the  measures  were  esti- 
mated to  correspond  to  the  times  given  above,  and  may  be  in 
error  by  about  o.oi  of  a  day.  Definitive  measures  should  not 
change  the  distances  very  much,  but  may  change  the  position- 
angles  by  one  or  two  tenths  of  a  degree.  These  observations 
show  the  satellite  to  be  about  ten  days  behind  the  ephemeris 
positions  which  were  computed  for  it  by  Dr.  Frank  E.  Ross 
(L.  O.  Bulletin  78). 

The  satellite  is  of  about  the  fourteenth  photographic  mag- 
nitude. S.  Albrecht. 
July  29,  1905. 
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New  Companions  to  Known  Double  Stars. 

In  Number  102  of  these  Publications  I  announced  the  dis- 
covery of  new  companions  to  three  well-known  Struve  double 
stars.  Since  then  I  have  lound  that  the  pairs  2  112,  2  1952, 
and  2  2414  have  companions  not  seen  by  Struve,  nor,  so  far 
as  I  am  aware,  by  any  other  observer.  The  means  of  my  meas- 
ures of  these  pairs  arc: — 

2  112. 

1905.578     186°  .0      4".42    9.0-13.5     1°     BandC.     New 
1905.578     330.7    21  .83    8.7-9.0     I       AandB  =  2ii2 

2  1952. 

1905.47       22°. 5      o".5i     8.5-10.2    3°     AandB.    New 
1905.45     222.0     16.18    8.5-9.2     2       AB  and  0  =  21952 

2  2414. 

1905-51       95°-9      o"73    8.0-13.5     3°     AandB.    New 
1905.44     278.5     17.15     8.0-11.0     I       Aand  0  =  22414 

I  have  also  found  the  principal  component  of  the  wide  pair 
h  804  to  be  a  close  double  star.    My  measures  are : — 

1905.56     314^.6      o".3i     9.0-  9.8    2"     A  and  B.    New 
1905.55     228.7     19.45     8.8-1  i.o     I       AB  and  0  =  A  804 

July  31,   1905.  R.    G.    AlTKEN. 


Corrigenda. 

In  Number  102  of  these  Publications,  page  105,  after  line 
16,  insert: — 

The  first  attempt  to  remove  these  residuals  by  linear  differ- 
ential relations  so  as  to  produce  a  parabola  resulted  in : — 


Aa  cos  8  —  02".2  ±  00".0 

AS  +47  .6  +17  .8 

In  the  same  number,  page  iii,  title  and  line  2,  for  I^Scorpii 
read  (Scorfni. 


GENERAL    NOTES. 


Variation  of  Latitude, — From  the  annual  report  of  the  work 
accomplished  by  the  Central  Bureau  of  the  International  Geo- 
detic Association  it  appears  that  the  number  of  latitude  deter- 
minations made  at  the  variv.  "  stations  established  for  the  pur- 
pose of  determining  the  variaiiv-..  of  latitude  gives  a  total  for 
1904  of  11,909,  distributed  as  indicated  in  the  first  column  of 
the  tabulation  given  below.  The  total  number  of  observations 
made  from  the  time  the  stations  were  established,  fall  of  1899 
to  the  beginning  of  1905,  is  63,634.  distributed  as  indicated  in 
the  second  column  of  the  table. 

1904.  Total. 

At  Mizusawa 1,781  8464 

Tschardjui 1,831  9,285 

Carloforte    3,173  16,998 

Gaithersburg 1,361  9»378 

Cincinnati    i»329  8,038 

Ukiah   2,434  1 1,471 

Provisional  results  for  the  latitude  work  of  1904  have  been 
published  by  Professor  Albreciit  in  the  Astronomischc  Nach- 
richtcn  No.  4017.  The  amplitude  of  the  polar  motion  was  not 
quite  so  large  as  in  the  preceding  year.  The  motion  of  the 
Earth's  north  pole,  from  1899.9  to  1905.0,  is  represented  in 
the  accompanying  figure  (see  opposite  page)  taken  from  the 
number  of  the  Nachrichtcn  mentioned  above. 

No  change  in  the  observing  programme  of  the  latitude 
stations  has  been  made  since  they  were  established.  Ninety-six 
pairs  of  stars  were  selected  for  observation,  and  these  were 
divided  into  twelve  groups.  For  six  of  the  pairs  of  each  group 
the  stars  have  small  zenith-distances,  mostly  less  than  15°. 
The  other  two  pairs  of  each  group  were  selected  from  stars 
of  large  zenith-distances,  about  60°.  These  latter,  the  so-called 
refraction  pairs,  were  introduced  with  the  idea  of  detecting,  if 
possible,  any  abnormal  conditions  in  the  refraction,  and  the 
latitudes  given  by  them  have  never  been  included  in  the  final 
results.  The  latitudes  determined  from  the  refraction  pairs 
are  considerably  less  accurate  than  those  determined  from 
the  zenith  pairs,  and  this  is  due  mainly  to  four  causes :  First, 
at  a  zenith-distance  of  60°  the  star-images  are  always,  except 
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under  the  very  best  conditions,  much  more  diffuse  and  unsteady 
than  at  small  zenith-distances ;  second,  when  the  telescope  is 
pointed  to  a  large  zenith-distance  the  latitude  levels  are  more 
likely  to  be  disturbed  than  at  small  zenith-distances:  third,  in 
observing  the  stars  of  the  refraction  pairs  it  is  necessary  for 
the  observer  to  stand  in  a  rather  awkward  and  unsteady  posi- 
tion, and  it  is  not  possible  to  make  the  most  accurate  microm- 
eter-settings under  these  circumstances ;  fourth,  the  south  star  of 
a  refraction  pair  moves  so  rapidly  that  it  is  impossible  for  the 
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observer  to  make  the  micrometer-settings  with  a  sufficient 
degree  of  deliberation,  and  the  north  star  of  the  pair  moves 
so  slowly  that  the  heat  from  the  observer's  body,  which  is 
adjacent  to  the  south  ends  of  the  latitude  levels,  may  have  a 
disturbing  effect  upon  them. 

Beginning  with  the  first  of  the  year  1906  a  change  in  the 
observing  programme  is  to  be  made,  and  all  of  the  refraction 
pairs  are  to  be  dropped  and  other  zenith  pairs  substituted.  Six 
of  the  present  zenith  pairs  are  to  be  replaced  with  new  ones, 
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and  the  new  pairs  are  to  be  selected  in  such  a  way  that  in  each 
group  the  positive  and  negative  differences  of  zenith-distances 
shall  ver}'  nearly  equal  zero  for  the  epoch  1908.0,  it  being  .the 
intention  to  obser\x  on  this  revised  programme  until  1910. 

The  work  of  the  latitude-stations  is  to  be  carried  on  for 
an  indefinite  length  of  time,  and  two  additional  stations  are 
now  being  established  in  the  southern  hemisphere.  The  one 
in  connection  with  the  National  Observatory  of  the  Argentine 
Republic  at  Cordoba  and  the  other  in  connection  with  the 
observatory  at  Perth,  West  Australia.  The  two  stations  are 
on  the  same  parallel,  about  32*^  south,  and  i8o°  apart  in  longi- 
tude. It  is  not  possible,  from  observations  in  the  northern 
hemisphere  alone,  to  reach  sure  ground  from  which  to  inter- 
pret all  of  the  phenomena  presented  in  the  variation  of  latitude. 

From  No.  4,  Band  I,  Mitteilungen  der  Nikolai-Haupfstern- 
warte  zii  Pidkozco,  it  is  learned  that  a  new  zenith-telescope, 
similar  to  those  in  use  at  the  International  Latitude  observa- 
tories, has  been  provided  for  the  Poulkova  Observatory.  The 
instrument  is  somewhat  larger  than  those  in  use  at  the  Inter- 
national Latitude  observatories,  and  differs  from  them  in  some 
important  details,  which  I  hope  to  discuss  at  some  future  time. 
This  instrument  is  being  used  in  systematic  observations  for 
the  variation  of  latitude,  and  a  comprehensive  programme  has 
been  laid  out.  On  account  of  the  shortness  of  the  summer 
nights  at  Poulkova  and  the  long  spells  of  cloudy  weather  in 
the  winter  it  has  been  found  necessary  to  depart  considerably 
from  the  programme  of  the  International  Latitude  observa- 
tories. Seventy-four  pairs  divided  into  nine  groups  are  used 
instead  of  ninety-six  pairs  divided  into  twelve  groups.  No 
stars  of  a  zenith-distance  of  more  than  21°  are  used.  It  is 
noticed  from  the  diagram  showing  the  observing  programme, 
that  in  summer  for  a  few  dates  the  observations  begin  before 
sunset.  I  do  not  hesitate  to  state,  judging  from  my  experience 
in  this  work,  that  I  believe  this  to  be  a  mistake.  One  of  the 
chief  sources  of  error  in  latitude  work  by  the  Talcott  method 
conies  from  the  **bad  behavior"  of  the  levels,  and  this  almost 
always  takes  place  in  the  early  evening  hours  when  the  tem- 
perature is  falling  rapidly.  At  Ukiah  it  has  been  noticed  that 
the  levels  almost  invariably  behave  better  during  the  second 
half  of  the  night's  work  than  during  the  first,  although  in  our 
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pnigranimc  the  shortest  inlerval  between  sunset  ami  llic  be- 
ginning of  observalions  is  one  and  one  half  hours.  I  believe 
the  accuracy  of  the  work  could  be  increased  by  shoving  the 
whole  programme  along  further  into  the  nighl.  I  hope  to 
lake  lip  soon  an  examination  of  the  results  thus  far  published 
lo  see  if  there  is  any  diflfcrcnce  between  the  degrees  of  accuracy 
of  the  results  of  the  first  and  second  halves  of  a  night's  work. 

In  No.  754  of  the  Astrontunical  Journal,  Dr.  Schi.ivSin<;i;k 
has  an  article  entitled  "  On  Systematic  Errors  in  Determining 
\'ariations  of  Latitude."  He  says,  by  way  of  introduction: 
■*  Obscr\-ations  for  determining  the  variation  of  latitude,  how- 
ever carefully  they  may  he  made,  seem  to  be  subject  lo  consid- 
erable systematic  discordances.  It  is  doubtful  whether  these 
have  their  origin  in  cxlemal  causes  (such  as  meteorological), 
nr  whether  their  explanation  is  to  be  sought  in  the  inslriiment 
r  in  ihe  observer, 

"  It  is  obvious  that  the  question  can  be  decided  by  setting 
up  two  instniments  side  by  side,  and  having  two  observers 
make  simultaneous  observations  with  them.  It  will  occasionally 
happen  with  each  instrument  that  a  night's  observalions  will 
deviate  largely  from  those  of  the  preceding  and  succeeding 
nights.  If  ihesc  deviations  follow  the  same  course  for  both 
inslrumenia,  we  must  conclude  that  they  arise  from  some 
cxlemal  cause,  probably  beyond  the  control  of  the  observer. 

■■  The  conditions  for  such  a  test  happen  to  be  well  fulfilled 
by  certain  observations  made  before  the  present  subject  was 
in  mind.  I  refer  lo  the  two  independent  series  by  Makci'SE 
Preston,  at  Waikiki,  near  Honolulu,  in  the  Hawaiian 
JSlands.  in  1891  and  1892.  The  former  of  these  observers 
represented  the  International  Geodetic  Association,  the  latter 
the  United  States  Coast  and  Geodetic  Survey.  In  that  day 
Ihe  reality  of  latitude-variations  was  still  doubted  by  some, 
anil  Hawaii  "was  selected  as  a  site  for  an  ob serving-station 
because  the  latitude- variations  at  that  place  should  be  (and  in 
faci  proved  to  be)  the  reverse  of  those  at  European  stations, 
the  difFerenee  in  longitude  being  about  180°.  Two  observers 
■re    sent,   because   'previous   experience   has   shown    that   a 

;!e   series   may   easily   suffer   interruption   because   of   the 

illness   of   the   observer,   or   the    failure   of   Ihe    instrument.' 

kiki  is  on  the  south  side  of  the  island  of  Oahn,  about  two 
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miles  southeast  of  Honolulu.  Preston's  station  was  within 
four  hundred  feet  of  the  shore,  and  Marcuse's  was  thirty-one 
feet  north  and  eighteen  feet  west  of  Preston's/' 

Dr.  ScHLESiNGER  then  goes  on  to  reduce  the  two  series  to 
a  common  basis,  and  finds  as  a  final  result  that  both  of  the 
series  are  affected  by  a  common  systematic  error.  The  inves- 
tigation does  not  reveal  the  cause  of  these  errors,  but  Dr. 
SciiLESiNGER  hopes,  in  a  later  paper,  to  throw  some  light 
upon  the  subject.  S.  D.  T. 


The  following  notes  have  been  taken  from  recent  numbers 
of  Science: — 

Yale  Universitv  has  conferred  its  doctorate  of  science  on 
Professor  George  E.  Hale,  director  of  the  Solar  Observatory 
of  the  Carnegie  Institution. 

Information  from  Ottawa  states  that  the  Dominion  Observa- 
tory has  been  practically  completed.  The  telescope  has  been 
mounted,  Astronomer  W.  F.  King,  with  his  staff,  has  taken 
possession  of  the  building,  and  observation  work  has  begun. 
The  telescope  is  a  refracting  instrument  19  feet  6  inches  long, 
with  a  15-inch  lens.  In  addition  to  this  telescope,  the  ob- 
servatory has  a  transit,  spectroscopic  instruments,  and  the 
equipment  of  a  first-class  institution.  The  building  cost  $92,000 
and  the  telescope  $14,000. 

An  astronomical  observatory,  to  be  known  as  the  Cecil 
Duncombe  Observatory,  is  to  be  established  in  connection  with 
the  University  of  Leeds.  A  building  with  an  aluminium  dome 
is  being  built  at  one  of  the  highest  points  of  the  city,  and  in 
it  will  be  placed  the  telescope  recently  presented  to  the  uni- 
versity by  Captain  C.  W.  E.  Duncombe,  together  with  the 
transit  instrument  presented  by  the  late  Mr.  W.  E.  Crossley. 

Princeton  University  has  conferred  the  degree  of  Doctor 
of  Laws  on  Professor  Charles  Augustus  Young,  who  has 
this  year  become  professor  emeritus  of  astronomy,  after  hold- 
ing the  chair  at  Princeton  since  1877. 

Columbia  University  has  conferred  the  degree  of  Doctor 
of  Science  on  Dr.  R.  S.  Woodward,  who  has  resigned  the 
chair  of  Mechanics  and  Mathematical  Physics  to  accept  the 
presidency  of  the  Carnegie  Institution. 
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Oxford  University  has  conferred  its  Doctorate  of  Science 
1 II  George  H.  Darwin,  F.  R.  S..  professor  of  asironomy  at 
lambridge. 

The  following  extracts  have  been  taken  from  an  acconnt 
in  the  Loudon  Times  of  the  report  of  the  Astronomer  Royal 
to  the  Board  of  Visitors  of  the  Royal  Observatory.  Green- 
wich : — 

Preparations  for  the  approaching  eclipse  of  the  Snn  were 
much  in  evidence.  The  Astronomer  Royal,  accompanied  by 
Mr.  F.  W.  Dyson  and  Mr.  C.  Davidson,  hopes  to  observe  it 
from  Sfax.  in  Tunis ;  Mr.  E.  W.  MArxDER  will  go  to  Labrador 
<in  the  invitation  of  the  Canadian  Government,  and  two  other 
members  of  the  staff  hope  to  go  to  Palma,  in  Majorca.  The 
Sfax  party  propose  to  carry  out  the  same  programme  as  in 
ii/X)  and  1901,  except  that  the  i,^-inch  astrographic  equatorial 
will  be  used  in  addition  to  the  Thompson  9-inch  corfmagraph 
10  obtain  targe  scale  photographs  of  the  corona;  its  spectrum 
will  be  photographed  with  two  spectroscopes  lent  by  Major 
Hills.  Mr.  Macndek  is  taking  the  Dallmeycr  4-inch  corona- 
graph  ajid  a  4-inch  rapid  rectilinear  lens,  these  instruments 
being  mounted  equatorially,  as  a  ccelostat— that  most  convenient 
adjunct  to  an  eclipse  expedition — is  unfortunately  not  avail- 
iWc.  An  attempt  is  to  be  made  to  take  some  pliotographs  unilcr 
;actly  similar  conditions  in  Labrador  and  Egypt  (the  two 
extremities  of  the  eclipse  track),  and  afterwanls  combine  them 
a  stereoscope,  with  a  view  of  determining  the  structure  of 
the  corona  in  three  dimensions,  and  examining  whether  any 
signs  of  rotation  are  shown.  Since  two  and  one-half  hours 
elapse,  it  is  quite  possible  that  some  rotational  shift  may  be 
visible. 

The  proper  motions  of  the  stars  in  Groom  dridge's  catalogue 

lave  been   recently  redctermhied  and  classified  according   to 

icir  type  of  spectrum,  a  very  interesting  point  standing  out 

riy  from  the  discussion, — namely,  that  stars  whose  spectrum 

rmbles  thai  of  our  Sun  have  large  proper  motions,  and, 

!rcfore.  are  presumably  nearer  to  us  than  the  stars  whose 

'ctrum  resembles  that  of  Sirius.     It  would  seem,  therefore, 

that  our  Sun  is  one  of  a  cluster  of  "solar"  stars:  while  the  Sirian 

stars  lie  in  the  background,  and  are  api)arenlly  associated  with 
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The  *'  variation  of  latitude "  is  now  looked  upon  as  an 
accepted  fact,  and  is  applied  as  a  correction  to  all  the  meridian 
observations;  it  is  still,  however,  considered  safer  not  to  use 
the  predicted  value,  but  to  wait  till  the  end  of  the  year,  and 
then  apply  the  values  deduced  by  Professor  Albrecht  from 
the  results  of  all  the  co-operating  observatories.  It  is  found 
that  the  application  of  this  correction  makes  the  solar  observa- 
tions in  different  years  more  harmonious  with  one  another,  and 
also  explains  the  anomalies  in  the  observations  made  with  the 
reflex  zenith-tube.  Since  the  vindication  of  the  character  of 
this  instrument,  observations  with  it  have  been  vigorously 
pushed  forward,  more  than  a  thousand  observations  of  sixty- 
one  different  stars  having  been  made  during  the  year.  It  is 
hoped  that,  after  a  few  years,  this  material  will  supply  new 
values  of  the  constants  of  aberration  and  nutation. 

The  30-inch  reflector  presented  by  Dr.  Common  has  been 
used  for  the  photography  of  fifty-nine  minor  planets  and  four 
comets.  In  particular  Comet  a  1904  may  be  mentioned,  as  it 
remained  visible  for  a  full  year,  and  was  observed  on  sixty-two 
nights.  This  comet  was  notable  for  its  large  perihelion  dis- 
tance, which  was  2.y  times  the  Earth's  distance  from  the  Sun. 
It  remained  visible  till  it  was  quite  near  the  orbit  of  Jupiter. 
ExcKic's  comet  was  photographed  on  one  night,  and  photo- 
graphs have  also  been  obtained  of  two  other  faint  comets  that 
were  discovered  last  winter.  These  cometary  photographs  are 
found  to  give  more  accurate  positions  than  the  visual  observa- 
tions that  were  formerly  obtained,  and  in  consequence  the  latter 
have  been  discontinued. 

Great  progress  has  been  made  with  the  measurement  and 
reduction  of  the  numerous  photographs  of  the  small  planet  Eros 
with  a  view  of  obtaining  an  improved  value  of  the  Sun's  dis- 
tance. The  photographs  have  all  been  measured,  and  positions 
of  tlie  reference-stars  adopted,  and  it  is  expected  that  the  work 
will  be  concluded  in  a  few  months.  The  work  for  the  Astro- 
graphic  Catalogue  is  now  practically  completed.  The  stars 
have  all  been  measured,  but  the  zone  from  yy""  north  declination 
to  the  North  I^ole  is  not  yet  printed.  The  catalogue  will  contain 
178,750  stars,  which  implies  nearly  4,000.000  in  the  entire 
heavens,  of  which  the  Greenwich  zone  covers  one  twentieth. 
It  is  proposed  in  a  future  volume  of  the  Astrographic  Catalogue 
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ive  the  star-places  in  the  form  of  Right  Ascension  and 
[nation  in  addition  to  the  **  rectangular  coordinates " 
rto  printed.  This  has  not  yet  been  finally  decided.  The 
>graphic  enlargement  of  the  chart-plates  is  steadily  pro- 
tig.  Over  two  hundred  plates  have  been  copied  and 
buted  to  about  fifty  observatories  and  representative 
utions. 
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STATIONARY    METEOR-RADIAXTS. 


Bv  B.  L,  Ne> 


Meteoric  plicnonieiia  offer  a  field  for  investigation  rich  in 

'ii.  pxjs^ibility  of  important  contributions  to  the  solution  of 

1   problem  of  cosmogony.    Tlie  orbits  of  meteore  seem,  like 

■.'.-.•.'•^  of  comets,  to  be  in  ibt  main  very  eccentric.     \'o  theory 

"I  the  evolution  of  a  world  system  can  be  complete  willioul 

accounting  for  these  eccentric  orbits  as  well  as  the  more  or 

I'  -^   approximately  circular  orbits  of  the  great   planets   and 

Li-roids.     The  object  of  this  note  is  to  point  out  one  of  the 

■St  striking  of  meteoric  phenomena  and  to  call  the  attention 

i  our  non-professional  astronomers  to  the  importance  of  this 

111  Id    of    investigation,    which    is    easily    accessible    to    them, 

f  iltservations  of  the  flight  of  meteors  have  hitherto  generally 

■  ITT  made  with  no  more  apparatus  than  a  short  wand  and 
sphere  of  wood,  upon  which  the  star  constellalions  have 
'  n   mapped.     More  accurate   observations  of  the  direction 

■  i  flight  and  the  velocity  of  the  meteor  require  two  cameras 
■  1  ^hort  focus  and  wide  angle  with  especially  arranged  shutters. 

Mr.  W.  F.  Denning,  of  Bristol,  England,  began  to  ob- 
i  r\e  the  flights  of  meteors  at  the  time  of  the  Leonid  shower 

1866.  Since  ihat  time,  he  has  observed  many  thousands 
I  meteor  flighls  and  our  knowledge  of  the  observed  phenom- 
i-na  of  meteoric  display  has  been  greatly  increased  by  his 
contributions,  Mr.  Df.nning's  method  of  observation  is  ex- 
ceedingly simple.  He  takes  up  a  position  on  a  moonless  night 
in  his  garden  with  a  ^hort  wand  in  his  hand  and  a  sphere 
upon  which  (he  constellations  visible  on  that  evening  are 
plotted.  When  a  meteor  ajipears,  he  raises  the  wand  as  quickly 
as  possible  and  holds  it  so  that  its  projection  on  the  sky  shall 
coincide  as  nearly  as  possible  with  the  path  of  the  meteor. 


142  Publications  of  the 

This  enables  him  to  note  quite  accurately  the  location  of  the 
path  of  the  meteor  with  reference  to  the  neighboring  stars. 
This  path  is  then  plotted  on  the  sphere  and  the  time  noted. 
On  a  good  night,  Mr.  Denning  observes  on  the  average  about 
eleven   such   trails  per  hour.     Upon   comparing  these   trails, 
it  is  observed  that  several  of  them  would  intersect  in  the  same 
point  if  they  were  extended  in  the  arc  of  a  great  circle  some 
distance  back  of  the  point  where  the  meteor  became  luminous, 
and   therefore  visible.     These  several  paths   would   all   seem 
to  diverge   from  the  same  point.     This  indicates  that   these 
meteors  were  traveling  in  parallel  paths  at  the  time  of  their 
collision  with  the  Earth.     An  analogous  phenomenon   is  ob- 
served when   seemingly  divergent  bars  of  sunlight  are   seen 
piercing  a  cloud.    The  point  on  the  celestial  sphere  from  which 
several   meteor  paths   seem   to   diverge   is  called   a   "meteor- 
radiant."     Its  right  ascension  afld  declination  are  noted  and 
entered  in  a  catalogue  of  meteor-radiants,  of  which  Mr.  Dp:n- 
NiNG  has  published  two,  one  in  the  Monthly  Notices  and  the 
other  in  the  Memoirs  of  the  Royal  Astronomical  Society  of 
Great  Britain. 

It  is  to  be  noted  that  the  position  of  the  radiant  point  de- 
pends solely  upon  the  direction  of  the  motion  of  the  meteor 
relative  to  the  Earth.  This  relative  motion  of  the  meteor  is 
the  resultant  of  the  composition  of  the  velocity  of  the  Earth 
with  that  of  the  meteor.  If  either  of  these  components  changes 
its  direction,  the  direction  of  the  resultant  changes.  Now, 
suppose  there  were  a  great  swarm  of  meteoric  particles  mov- 
ing ill  parallel  lines  through  the  solar  system  so  as  to  cross 
the  Earth's  orbit  at  all  points,  then  we  should  encounter  some 
of  the  meteors  of  this  swarm  every  night  in  the  year.  If 
these  meteors  were  observed  at  different  intervals  throughout 
the  year  and  their  radiant  points  determined,  we  should  of 
course  find  the  radiant  point  shifting  from  night  to  night, 
the  shift  being  due  to  the  changing  direction  of  the  Earth's 
motion  as  it  de.scribes  its  orbit.  An  example  of  this  phenom- 
enon is  found  in  the  Perseid  family.  Meteors  of  this  family 
are  seen  as  early  as  tbe  19th  of  July  and  as  late  as  the  25th  of 
August,  and  the  shifting  of  the  radiant  amounts  to  about 
forty  dec^rees.  Mr.  Denning's  ability  to  observe  distinguish- 
ing characteristics  so  as  to  be  able  to  classify  meteors  according 
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110  families  has  bepn  (juesiioned,  but  his  claim  Ihat  limg  ex- 
^rienc*  and  careful  observation  liave  enabled  him  tu  dis- 
^ngiiish  differences  of  color,  velocity  of  flight,  length  of  path. 
or  peculiarities  in  the  illumination ,  which  escape  inexperi- 
enced observers  and  by  means  of  which  he  identifies  a  meteor 
as  belonging  to  any  particular  family,  must  be  admitted. 

The  announcement  of  his  discovery  of  stationary  radiant 
points  created  a  good  deal  of  wonder  and  not  a  little  discussion 
among  those  interested  in  meteoric  phenomena  from  the 
theoretical  point  of  view.  Mr,  Denning  asserts  that  there 
are  certain  radiant  points  stationary  in  the  sky  from  which 
meteors  presenting  common  "family"  characteristics  appear 
to  diverge  throughout  intervals  of  weeks  and  even  months. 
The  incredulity  of  theoretical  astronomers  can  he  realized 
when  one  tries  to  picture  to  himself  the  complicated  system  of 

I  orbits  in  which  the  various  meteoric  particles  of  such  a  family. 
of  meteors  would  have  to  move.  As  the  Earth  moves  about 
jn  its  orbit,  changing  the  direction  of  its  motion  by  about  one 
degree  a  day,  the  direction  and  magnitude  of  the  velocity  of 
the  meteoric  particles  would  have  to  vary  so  that  the  resultant 
would  have  a  constant  direction.  Computation  of  orbits  of 
meteoric  particles  coming  from  the  same  radiant  at  different 
dates  have  been  made.'  Some  of  the  orbits  were  found  to  be 
direct  and  some  retrograde,  and  the  greatest  <liversity  appeared 
_in  the  case  of  the  other  elements,  as  might  have  been  expected. 
Mr,  Dennin(";'s  catalogue  records  the  positions  of  a  large 
number  of  stationary  radiants.  .Among  the  most  important 
I  are  {Monthly  \iiticcs.  \'iil.  45,  ji.  loi ) : — 
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Mr.  Dennini;  speaks  as  follows  concerning  (be  phenom- 
(:,^on  {Monthly  Notices.  \'ol.  45,  p.  in):   "The  first  decided 
ililtiation  of  their  presence  is  usually  recognized  when  the 
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radiants  are  near  the  Earth's  apex.  At  such  times  they  furnish 
very  swift  streak-leaving  meteors.  Later  on,  they  lose  the 
capacity  to  generate  streaks,  and  ultimately  are  transferred 
into  the  slow  train-bearing  meteors  whose  radiants  cluster 
in  regions  far  removed  from  the  Earth's  direction  of  motion. 
Yet  during  the  whole  time  of  the  display,  and  while  the  indi- 
vidual meteors  are  thus  visibly  affected  by  the  change,  pro- 
gressing from  night  to  night,  in  the  position  of  their  divergent 
points  relatively  to  the  Earth's  apex,  their  radiants  remain 
immovable;  and  the  fact  is  conclusively  proved,  not  by  ap- 
proximate accordances,  but  by  absolute  coincidence  in  these 
points  as  observed  with  great  care  and  precision." 

Two  ingenious  and  suggestive  explanations  of  the  phe- 
nomenon of  stationary  radiation  appeared  in  the  Monthly 
Notices  of  the  Royal  Astronomical  Society,  Vol.  59,  p.  140  and 
p.  i/i).  Professor  Turner,  of  Oxford,  endeavored  to  explain 
the  growth  of  such  a  family  of  orbits  by  the  perturbation  of 
the  Earth  upon  a  family  of  meteoric  particles  moving  at  first 
in  nearly  identical  orbits  which  intersect  the  Earth's  orbit  at 
some  particular  point.  There  are  serious  objections  to  this 
theory.  One  very  general  consideration  that  militates  against 
any  theory  based  upon  the  perturbative  effect  of  the  Earth 
upon  a  single  family  of  meteors  is  appended  in  a  supplementary 
note. 

The  other  explanation  which  appeared  in  the  article  above 
referred  to  in  the  Monthly  Notices  is  by  Professor  A.  S. 
Hkrsciiei..  lie  calls  attention  to  the  fact  that  if  a  resultant 
velocity  is  produced  by  the  composition  of  one  ver\'  large  and 
one  comparatively  small  velocity,  a  change  in  the  direction 
of  the  small  velocity  does  not  materially  change  the  direction 
of  the  resultant.  If  the  velocity  of  the  meteors  were  several 
hundred  miles  per  second,  the  phenomenon  of  stationary 
radiation  could  be  accounted  for  on  the  assumption  of  a  broad 
stream  of  meteors  crossing  the  Sun's  system  in  parallel  straight 
lines.  The  changing  direction  of  the  Earth's  velocity  would 
alter  the  direction  of  the  resultant  so  slightly  that  the  radiant 
would  be  stationary  within  the  error  of  observation.  The 
velocity  of  meteors  as  they  fall  upon  the  Earth  is  not,  however, 
anywhere  near  so  great  as  three  or  four  hundred  miles  per 
second.     So   far  as  observations  go,  the  evidence   seems  to 
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bit  to  an  orbital  velocity  of  tlie  meteoric  particles  not  very 
ifferent  from  the  parabolic  velocity.  Xow  comes  the  in- 
mious  part  of  Mr.  Herschei.'s  theory.  He  supposes  that 
\  some  time  in  the  past  history  of  the  solar  nebula,  before 

'.  material  forming  the  Earth  had  liquefied,  the  solar  sys- 
tem encountered  a  storm  of  meteoric  particles  moving  in  par- 
allel lines  at  a  velocity  of  several  hundred  miles  per  second. 
These  particles  pierced  the  nebulous  material  that  was  moving 
in  the  orbit  in  which  the  Earth  now  travels  and  passed  through 
it.  suffering  a  greater  or  less  retardation.  This  meteoric 
storm  might  have  endured  for  months  or  for  years,  and  the 
radiant  points  of  all  the  meteors  would  have  been  nearly  the 
same  because  of  the  high  velocity  of  the, oncoming  meteor 
particles.  We  may  say  the  particles  would  have  a  common 
radiant  within  the  error  of  observation.  Now,  it  is  to  be 
observed  that  the  retardations  of  any  meteoric  particle  by  the 
nebulous  mass  is  tangential,  so  that  the  riidianl  pouil  remains 
uitc/iaugfd  as  the  parluic  passes  through.  Its  velocity  relative 
(o  the  nebulous  hall  as  it  leaves  is  identical  in  direction  with 
its  relative  velocity  as  il  approaches,  the  magnitude  only  hav- 
ing been  changed  by  the  retardation.  Now,  such  of  these 
particles  as  escape  from  the  nebulous  ball  with  a  velocity  less 
than  the  parabolic  velocity  will  return  again  at  some  future 
time  (perturbations  neglected)  lo  the  same  point  and  with  the 
same  velocity.  Such  of  these  particles  as  encounter  the  Earth 
again  at  some  future  date  will  have  a  common  radiant. — 
namely,  the  radiant  of  the  original  meteoric  storm. 

The  suggestivcness  of  this  theory  is  remarkable.  It  otTers 
an  explanation  for  the  origin  of  comets  as  masses  of  matter 
that  have  in  ages  past  collided  with  the  solar  nebula  and  lost 
so  much  of  their  velocity  that  they  were  unable  to  escape  from 
the  Sun's  system.  The  remarkable  gap  in  continuity  between 
the  nearly  circular  orbits  of  the  great  planets  and  the  very 
eccentric  and  long-period  orbits  of  the  comets  and  meteors 
is  accounted  for;  the  lack  of  many  short-period,  highly  eccen- 
tric orbits  being  due  to  the  great  probability  of  collision  or 
disintegration  at  the  frequent  perihelion  passages.  Such  a 
meteoric  storm,  occurring  at  a  critical  stage  in  the  develop- 
ment of  a  planet  might  have  produced  a  disruption  resulting 
in  the  formation  of  the  asteroid  ring. 
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The  importance  of  research  to  confirm  or  disprove  Mr. 
Denning's  claim  of  the  existence  of  stationary  radiation,  and 
the  ease  with  which  observations  may  be  made,  ought  to  recom- 
mend it  to  any  one  interested  in  the  progress  of  astronomy. 
The  vital  connection  which  Mr.  Herschel's  explanation  of 
stationary  radiation  gives  the  question  of  its  actuality  with  the 
problem  of  the  development  of  a  world  system  lends  such 
investigations  a  dignity  which  is  in  no  wise  impaired  by  the 
simplicity  and  seeming  crudeness  of  the  means  employed.  The 
clear  sky,  uniform  good  weather  during  the  summer-time,  and 
transparency  of  the  atmosphere  render  many  points  in  the 
interior  of  California  peculiarly  adapted  for  investigations  of 
this  sort. 


Note. — In  the  above  note  on  '^Stationary  Meteor-Radiants'* 
I  have  alluded  to  a  general  objection  to  any  theory  which 
offers  to  explain  the  rise  of  a  system  of  orbits  to  which  sta- 
tionary radiation  might  be  due  through  perturbation,  by  the 
Earth,  of  meteoric  particles  originally  moving  in  the  same 
elliptic  orbit.  I  shall  show  by  an  application  of  Tisserand's^ 
criterion  for  the  identity  of  two  orbits  that  one  of  the  orbits 
of  such  a  family  could  not  be  produced  from  another  by  the 
perturbation  of  the  Earth  alone. 

If  any  orbit  has  been  produced  from  andther  by  the  per- 
turbation of  the  Earth,  the  following  relation  must  exist 
between  the  elements  of  the  two  orbits : — 


(i) f-  2  V«  ( i  —  ^'"" )  cos  i  =  — r  +  2  Va'  (I  —  <?'-)  cos  i' 

a  a 

i  and  i'  being  the  inclinations  of  the  plane  of  the  orbit  of  the 
disturbed  body  to  the  orbital  plane  of  the  disturbing  body. 

Mr.  Dknning  does  not  make  accurate  observations  of  the 
velocity,  and  it  is  therefore  impossible  actually  to  compute 
the  various  orbits  belonging  to  a  stationary  radiant.  The 
following  statements  previously  quoted  w^ill  however  furnish 
sufficient  data  for  the  present  purpose.  He  says  (Monthly 
Xotices,  Vol.  45,  p.  Ill):  **The  first  decided  intimation  of 
their  presence  is  usually  recognized  when  the  radiants  are  near 
the  Earth's  apex.     At   such   times,  they   furnish  very   swift 


1  TissBRAND  :   Afffh.  CfL,  Vol.  IV,  p.  2'»4. 
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streak-leaving  meteors."  In  his  catalogue  of  1890  {Monthly 
Notices,  Vol.  50,  pp.  418  ff.)  he  uses  the  following  adjectives 
to  characterize  meteors  as  regards  velocity :  **very  slow," 
'•slow/'  "rather  slow,"  **swift,"  "rather  swift,"  'Very  swift." 

The  following  considerations  lead  to  the  conclusion  that  the 
orbit  of  the  meteoric  particle  which  meets  the  Earth  when 
the  radiant  is  near  the  apex  is  retrograde.  Mr.  Denning's 
notion  of  **very  swift"  is  obtained  by  comparison  with  other 
meteors.  It  is  definitely  known  that  the  Leonid  meteors,  for 
example,  are  traveling  with  an  orbital  velocity  appropriate  to 
an  orbit  of  thirty-three  years  period.  They  meet  the  Earth 
when  the  radiant  point  is  near  the  apex,  and  the  velocity 
relative  to  the  Earth  must  therefore  be  more  than  twice  the 
orbital  velocity  of  the  Earth.  (Let  us  leave  out  of  account 
the  acceleration  due  to  the  Earths  attraction.)  It  is  safe  to 
say  that  a  meteoric  velocity  would  not  be  described  as  "very 
swift"  by  Mr.  Denning  unless  its  velocity  relative  to  the 
Earth,  exclusive  of  that  due  to  the  Earth's  attraction,  were  at 
least  twice  the  orbital  velocity  of  the  Earth.  Mr.  Denning's 
catalogue  also  shows  that  many  of  the  stationary  radiants  en- 
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dure  for  more  than  three  months.  In  the  figure  let  the  circle 
represent  the  Earth's  orbit,  the  vectors  AB  and  AC  represent 
the  velocity  of  the  Earth  and  meteoric  particle  respectively. 
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The  vector  BC  represents  the  motion  of  the  particle  relative 
to  the  Eartli.  The  vectors  AC  and  BC  are  not  necessarily  in 
the  plane  of  the  paper.  The  angle  ABC  is  the  angular  dis- 
tance of  the  radiant  point  from  the  apex  of  the  Earth's  way. 
This  is  less  than  90°,  if  the  longitude  of  the  radiant  point  is 
equal  to  that  of  the  apex. 


BC  =  AB  +  AC  —  2AB.  AC  cos  B 
If  BC  =  2AB 


3AB  1=  AC  —  2AB .  AC  cos  e 


Either  AC^  V3  AB 
or,  cos  ^  <  O. 


But  V3  AB  >  parabolic  velocity  :=  ^2  AB 

Such  a  velocity  could  not  have  been  produced  by  a  previous 
perturbation  of  an  elliptic  orbit,  for  a  particle  leaving  on  a 
hyperbolic  orbit  would  not  return.  The  other  alternative  re- 
mains, and  the  orbit  is  retrograde,  the  angle  B  being  greater 
than  90°.  The  orbits  of  these  particles  which  meet  the  Earth 
when  the  longitude  of  the  apex  is  equal  to  the  longitude  of 
the  radiant  are,  then,  retrograde. 

When  the  longitude  of  the  apex  is  90°  greater  than  the 
longitude  of  the  radiant  the  angular  distance  between  the 
apex  and  the  radiant  (=  A'B'C)  >  90°.  The  orbit  is  neces- 
sarily direct  (since  B'A'C  <90°)  and  the  projection  of  A'C 
upon  A'B'  is  therefore  greater  than  A'B'. 

The  elements  a  and  r  of  a  meteors  orbit  are  expressed  as 
follows  (Tisserand's  Mech.  Cel,,  Vol.  I,  p.  loi  and  p.  97)  : — 

-       r*  (hv       r  \  sin  a- 


Va  (I— r-')  ^  V/*^  -,--  = 


k  \\ 


J   _   2  __V^_     _V-' 


Here  r  represents  tlie  radius  vector  of  the  Earth,  taken  equal 
to  unity,  \'  the  velocity  of  the  meteor,  Ve  the  velocity  of  the 
Earth,  and  a  the  angle  between  the  radius  vector  and  the 
tangent  to  the  meteor's  orbit ;  k  is  the  Gaussian  constant,  equal 
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to  the  velocity  of  the  Earth,  in  the  units  here  employed.    Sub- 
stituting these  values  in  equation  (i),  placing 

D  =  sin  a-  cos  * 

D/  '  t  V 

=  sm  (T  cos  t 

and  solving  for  V,  we  have 


V  =  Ve  D  ±   V  Ve=  D^-'  +  V'2  _  2Ve  V'D' 

D  is  negative  and  D'  positive,  since  /  >  90°  and  /'  <  90°,  the 

first  orbit  being  retrograde  and  the  second  direct ;  also  a  <  180°. 

V  is  necessarily  positive,  but  there  is  no  positive  solution  of 

the  equation  unless 

V'2  —  2Ve  V'D'  >  O 


V'>  V^VeV'D' 
Now  V'D'  is  the  projection  of  V  on  A'B'  and 

V^'D'  5  Ve  according  as 
A'B'C  5  90° 

It  follows  that  Tisserand's  criterion  is  not  satisfied  by  the  two 
orbits,  unless 

But  V^V  is  the  parabolic  velocity,  and,  as  has  already  been 
noted,  such  an  orbit  could  not  have  been  produced  by  a 
previous  perturbation. 

This  test  has  been  applied  to  orbits  of  meteors  appearing 
a  quarter  of  a  year  apart.  I  venture  to  suspect,  however, 
that  if  a  computation  of  the  orbits  were  made  possible  by 
accurate  observation  of  the  velocities,  it  would  be  found  that 
no  two  orbits  belonging  to  a  stationary  radiant  would  satisfy 
this  criterion. 

VARIABLE    SPOTS    OX    THE    MOOX. 


Bv  R.  S.  TozER. 


When  the  Moon  first  appears  in  the  western  sky  after  con- 
junction the  visible  portion  of  it  does  not  seem  to  show  any 
difference  in  color  or  shade,  but,  as  it  proceeds  in  its  orbit, 
patches  of  light  and  shade  begin  to  develop.  At  full  Moon 
the  contrast  between  these  light  and  dark  patches  is  at   its 
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height,   but  decreases  as   the   Moon   approaches  conjunction, 
disappearing  before  the  crescent  is  entirely  gone. 

A  portion  of  the  kmar  surface  which  shows  these  changes 
on  a  large  scale  is  that  occupied  by  Tycho  and  his  radiating 
streaks.  This  is  the  most  prominent  feature  of  the  full  Moon 
when  it  is  viewed  through  a  low-power  teFescope. 

It  has  been  supposed  that  the  streaks  are  enormous  cracks 
filled  up  from  underneath  with  light-colored  lava,  and  the 
theory  has  also  been  advanced  that  they  are  deep  ravines  filled 
with  snow  and  ice. 

A  little  studv  of  the  streaks  will  show  that  there  are  no 
ravines  associated  with  them,  but  that  thev  are  color-streaks 
only,  and  tliat  they  have  been  laid  down  literally  on  top  of  the 
hundreds  of  craters  occupying  the  same  territory  without 
destroying  them  or  changing  the  contour  of  the  surface. 

While  the  basin  which  forms  the  center  of  this  feature 
is  best  seen  when  the  Sun  is  rising  on  that  portion  of  the 
Moon,  the  streaks  and  the  dark  halo  surrounding  the  crater 
are  not  visible  until  some  time  afterward  and  are  most  distinct 
at  full  Moon. 

The  contrast  between  the  so-called  seas  and  the  brighter 
portions  is  brought  out  most  strongly  at  full  Moon.  There 
are  also  numerous  smaller  variable  spots.  These  begin  to 
darken  soon  after  sunrise,  continuing  to  grow  darker  until 
full  Moon,  and  fading  gradually  as  the  Moon  approaches 
conjunction.  These  changes  have  been  attributed  to  the  melt- 
ing of  snow  and  to  the  growth  of  vegetation  on  the  darkening 
portions,  but  there  is  a  very  simple  explanation  of  the  matter 
which  dges  not  require  either  snow  or  vegetation. 

\\'hen  light  strikes  a  reflecting  surface  at  a  considerable 
angle  of  incidence  more  of  it  is  reflected  than  when  it  strikes 
perpendicularly.  At  a  very  large  angle  of  incidence  the  color 
or  shade  of  the  reflecting  surface  makes  little  difference  in 
the  amount  of  light  reflected,  a  dark  surface  reflecting  about 
the  same  amount  of  light  as  a  light  one.  One  of  the  results 
of  this  is  to  reduce  the  contrast  between  different-colored 
surfaces  when  obliquely  illuminated,  while  the  contrast  is 
heightened  by  vertical  illumination.  I  quote  from  Gage's 
Physics:  "For  example,  at  perpendicular  incidence  water  re- 
flects about  the  fiftieth  part  of  the  incident  light  while  mercury 
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reflects  about  two  thirds;  but  at  an  incidence  of  89 3^^^  each 
reflects  about  ^2  per  cent  of  the  incident  light.'*  That  is  to 
say,  that  with  vertical  incidence  niercur)-  reflects  thirty-three 
times  as  much  as  water,  making  a  strong  contrast  between  the 
two,  but  at  an  incidence  of  89^^  they  would  appear  prac- 
tically the  same. 

The  principle  may  be  easily  proven  by  experiment.  On 
a  piece  of  white  cardboard  paste  pieces  of  black  paper;  place 
it  in  a  darkened  room  and  project  on  it  at  an  incidence  of  85° 
or  more  a  pencil  of  white  light,  such  as  the  beam  of  a  magic 
lantern.  The  light,  the  screen,  and  the  observer  may  be  so 
placed  that  no  difference  in  color  can  be  detected  between 
the  white  cardboard  and  the  black  paper. 

When  the  narrow  crescent  of  the  Moon  first  appears  in  the 
western  sky  at  sunset  it  is  almost  on  a  straight  line  between 
us  and  the  Sun.  The  angle  of  incidence  is  consequently  very 
great.  This  angle  steadily  decreases  as  the  Moon  moves  on 
in  its  orbit,  and  becomes  zero  at  full  Moon,  and  the  differ- 
entiation of  the  light  and  dark  sections  increases  with  the 
decrease  of  the  angle  of  incidence. 

It  would  appear  at  first  glance  that  the  crescent  Moon 
should  be  brighter  than  the  same  area  of  full  Moon,  while 
the  reverse  is  said  to  be  the  case ;  but  in  the  case  of  light  strik- 
ing a  very  rough  surface  (like  that  of  the  Moon)  at  a  great 
angle  of  incidence  the  elevations  will  cut  off  considerable  por- 
tions of  both  the  incident  and  reflected  light,  but  they  will  cut 
off  none  in  the  case  of  vertical  incidence.  This  reduces  the 
amount  of  light  reflected  by  the  crescent  Moon,  but  it  does 
not  have  any  effect  in  showing  contrast  between  light  and 
dark  areas. 

If  the  Moon  were  a  smooth  body  it  would  be  brighter  at 
its  first  appearance  after  conjunction  than  the  same  area  of 
it  at  opposition. 

Patton,  Pa.,  July  27,  1905. 
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PLANETARY  PHENOMENA  FOR  NOVEMBER  AND 

DECEMBER,    1905. 


By  Malcolm  McNeill. 


PHASES  OF  THE  MOON,   PACIFIC  TIME. 


First  Quarter,  Nov.   3,  5**  39"  p.m. 

Full  Moon,         **     II,  911     P.M. 

Last  Quarter,     *'     19,  5  34     p.m. 

New  Moon,        '*     26,  8  47    a.m. 


First  Quarter,  Dec.  3,  lo**  38"  a.m. 
Full  Moon,  *'  II,  3  26  p.m. 
Last  Quarter,  **  19,  4  9  a.m. 
New  Moon,        **     25,    8    4    p.m. 


Mercury  is  an  evening  star  at  the  beginning  of  the  month, 
having  passed  superior  conjunction  on  October  12th,  but  is 
not  far  enough  away  from  the  Sun  to  be  seen  after  simset  for 
ten  days  or  so  after  November  ist.  It  comes  to  greatest  east 
elongation  (21°  41')  on  the  evening  of  November  26th,  and 
then  remains  above  the  horizon  not  quite  an  hour  and  a  half 
after  sunset.  The  interval  does  not  become  less  than  one 
hour  until  several  days  after  December  ist.  The  planet  will 
therefore  be  favorably  situated  for  evening  view  for  three 
weeks  or  more.  After  December  ist  the  planet  rapidly  nears 
the  Sun,  and  passes  inferior  conjunction  December  15th  be- 
coming a  morning  star.  It  rapidly  recedes  from  the  Sun 
after  this,  and  bv  the  end  of  the  month  is  well  out  toward 
greatest  west  elongation.  It  will  rise  an  hour  and  three  quar- 
ters before  sunrise  on  December  31st,  and  it  may  therefore 
be  seen  in  the  early  morning  twilight  during  the  last  few  days 
of  the  year. 

J^cnns  remains  a  morning  star,  but  is  gradually  drawing 
nearer  to  the  Sun  in  their  common  eastward  motion.  On 
November  ist  it  rises  a  little  rriore  than  two  hours  before 
sunrise,  on  December  ist  an  hour  and  a  half  before,  and  on 
December  31st  about  three  quarters  of  an  hour  before.  Its 
distance  from  the  Sun  will  diminish  from  23°  on  November 
1st,  to  12°  on  December  31st.  It  w^ill  move  60°  eastward 
and  20^  southward  among  the  stars  from  the  middle  of  Virgo 
through  Libra  and  Scorpio  into  Sagittarius.  It  is  in  con- 
junction with  Mercury  2""  30'  south  of  the  latter  on  December 
2 1  St.  Mercury  is  then  almost  too  close  to  the  Sun  to  be  seen: 
but  the  superior  brightness  of  J^cnus  will  make  it  a  compara- 
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lively  easy  object,  and  may  help  in  finding  the  fainter  planet. 
I'entis  is  still  increasing  its  distance  from  the  Earth,  although 
not  at  so  rapid  a  rate  as  during  the  autumn.  At  the  end  of 
December  it  will  be  about  six  times  as  far  away  as  it  was  when 
in  inferior  conjunction  in  April. 

Mcrs  remains  an  evening  star,  and  changes  the, time  of  its 
setting  scarcely  at  all  during  November  and  December.  It 
sets  at  a  few  minutes  after  9  p.  m.  throughout  the  whole 
period.  Its  apparent  distance  from  the  Sun  diminishes  about 
iS"*  during  this  time;  but  whereas  Mars  was  10°  south  of  the 
Sun  on  November  ist,  it  is  11°  north  on  December  31st.  This 
cause  counterbalances  the  tendency  to  earlier  setting  due  to 
diminishing  distance  from  the  Sun,  and  the  time  of  the  planet's 
setting  varies  only  four  minutes  throughout  the  period.  It 
moves  46''  eastward  and  13°  northward  among  the  stars  from 
the  eastern  part  of  Sagittarius  through  Capricorn  into 
Aquarius,  Its  distance  from  the  Earth  in  millions  of  miles 
increases  from  128  to  161,  and  its  brightness  diminishes  about 
40  per  cent.  It  will,  however,  be  easy  to  identify,  as,  although 
much  fainter  than  before,  it  will  be  the  brightest  object  in 
that  part  of  the  sky  except  Saturn,  and  it  is  readily  distin- 
g^uished  from  the  latter  by  its  ruddy  color.  It  will  be  in  close 
conjunction  with  Saturn  on  the  night  of  December  25th 
(Christmas  night),  the  closest  approach  being  about  equal 
to  the  Moon's  diameter.  Mars  being  to  the  north.  Four  days 
later  the  Moon  passes  both  planets — Saturn  at  9:18  p.  m.  and 
Mars  at  2:30  a.  m.  on  the  night  December  29-30th.  As  seen 
from  certain  parts  of  the  Earth  both  planets  will  be  occulted, 
but  the  occultations  cannot  be  seen  from  the  United  States. 

The  present  period  will  be  very  favorable  for  observation 
of  Jupiter.  It  rises  at  6:20  p.  m.  on  November  ist,  at  4:50- 
p.  M.  on  December  ist.  and  at  about  2  p.  m.  on  December  31st. 
It  is  in  opposition  with  the  Sun  on  November  24th,  and  is 
consequently  visible  throughout  nearly  the  entire  night.  It  is 
in  the  constellation  Taurus,  and  moves  about  7°  westward 
from  a  position  near  Aldcbaran,  a  Tauri,  to  a  place  a  little 
south  of  the  Pleiades.  At  this  opposition  and  the  one  occurring 
a  year  later  the  planet  will  have  nearly  its  maximum  northern 
declination,  and  will  in  consequence  attain  its  highest  altitude 
above  the  horizon.  The  Moon  and  planets  "run  high"  during 
winter  oppositions. 
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Saturn  is  in  the  southwestern  sky  in  the  evening.  It  sets 
shortly  after  midnight  on  November  ist,  and  before  9  p.  m. 
on  December  31st.  It  is  near  the  western  boundary  of 
Aquarius  and  moves  about  3°  west  and  north  during  the 
month.  Its  conjunction  with  Mars  on  December  25th  has 
already  been  noted. 

Uranus  is  an  evening  star  until  December  26th,  when  it 
comes  to  conjunction  with  the  Sun.  On  November  ist,  it 
does  not  set  until  three  hours  after  sunset,  but  even  then  it  will 
be  too  low  down  for  easy  view  by  the  time  twilight  has  dimin- 
ished sufficiently  to  allow  such  a  faint  object  to  be  seen. 

Neptune  is  in  opposition  with  the  Sun  on  the  morning  of 
December  3Tst. 


NOTtS    KKOM     J'ACIFiC    CUAST    OBStKVA'lUklKS. 

Noi-A  AQiT/iZdi  No,   2. 

Late  in  the  evening  of  August  31.  a  telegram  was  received 
irom  Harvard  College  Observatory  aiinduuciug  tlie  discovery 
of  a  new  star  by  Mrs.  Fleming  in  H.  A.  \H^  56". i>,  Decl. 
—  4'  34'.  The  telegram  stated  that  it  was  of  the  seventh  mag- 
nitude on  August  18th,  anil  fading  rapidly.  This  Is  the  second 
new  star  discovered  in  Aqiiiht  by    Mrs.   Klem.INi;. 

I'liotometric  measures  were  immediately  begun  here  with 
the  Rumford  wedge  photometer  ( see  these  Ptiblkatiotts,  \'d\. 
X\'II,  p.  121),  and  have  been  continued  to  the  present  date. 
Eight  comparison  stars  were  selected  covering  a  range  of  about 
eight  magnitudes,  two  stars  observed  in  the  meridian  pho- 
tometry (All.  H.  C.  0.,  Vol.  XXIV,  154)  being  included.  The 
following  table  gives  rough  positions  of  the  eight  referred  to 
the  A'ot'tf;  the  magnitudes  of  the  five  determined  in  the  course 
of  the  observations;  and  reference  data.  The  position  of 
the  Xova  for  1900.0  is :  R.A.  iS^  56  '"  48^5,  Deci,  —  4°  35'  17". 


Ad 


AS 


56».9  -\-  29"  — 4  .4663  6" .8  7". 10   7™.o6 

1}    —3"  13  7  —16' 27  —4  .4r,5o  7  .4  7  -55  7   -59 

c  —   13.8  +  6  46  —4  .46f«  8  .5  y  .35 

d  —       10.7  +  54  10  .79 

c  —   14.5  +  36  "  .43 

/  +    8.2  —  24  

g   +         0.5  —  I  II  

/'  +    3.>  -  1  53  

If  the  Xi'iv  fades  so  as  to  be  beyond  the  power  of  the  12- 
inch  before  the  middle  of  December  when  the  field  will  be  too 
low  for  measure,  /,  .t;,  and  li  and  the  Nora  will  be  measured 
with  the  36-inch. 

The  magnitudes  of  Xova  are  based  on  the  column  "J-  D. 
M."    They  may  be  reduced  to  any  other  ( logarithmic  1  scale 
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by  applying  to  the  }^ova  in  each  observation  the  correction 
to  the  mean  "J.  D.  M/'  vakie  of  the  comparison  stars  employed 
in  that  observation. 


G.M.T.  Settings    Compari- 

1905.  on  AVwtf 

.    SOU  Stars. 

.  Xava.  Weight.                      Remarks, 
m 

Aug.  31.79 

4 

C 

10.32 

I 

Obsr.  R.  G.  AiTKBN.    For  check,  etc. 

31.84 

16 

abdc 

10.22 

4 

Good  conditions. 

Sept.    1.76 

16 

abd 

10.70 

3 

Through  clouds. 

2.76 

16 

abde 

10.45 

4 

Sky  threatening. 

370 

16 

abdc 

10.52 

4 

Moon. 

4.72 

16 

d 

10.46 

3 

Moon,  smoke. 

v68 

12 

d 

10.46 

2 

Moon,  smoke.    Seeing  variable. 

6.69 

12 

d 

10.29 

2 

Moon.    Smoke  high  and  uneven. 

7.71 

12 

d 

10.66 

2 

Moon  shining  on  objective. 

10.68 

12 

dc 

1073 

3 

Moon. 

11.71 

8 

abcdc 

10.63 

2 

Moon. 

^^'71 

•     • 

(d) 

•     ■     •     • 

•  ■ 

Usual  brightness. 

»37o 

•     • 

(d) 

•     •     •     • 

•  • 

Usual  brightness. 

14.70 

6 

d 

10.68 

I 

Moon. 

137^ 

6 

abcdc 

IO/5 

I 

Moon. 

16.74 

•       • 

id) 

•      •      •      • 

•  • 

Usual  brightness. 

18.71 

•       • 

(d) 

•      •      •      • 

•  • 

Usual  brightness. 

19.72 

8 

abcdc 

10.89 

2 

Good  conditions. 

20.(y^ 

8 

abcdc 

10.90 

2 

Good  conditions. 

22.68 

29 

d 

10.96 

5 

Clouds  threatening. 

I  have  used  the  term  "weight"  accurately,  indicating  merely 
tlie  n limber  of  observations  or  groups  of  four  settings,  the 
weight  being  modified,  as  on  the  8th,  when  it  was  thought 
that  a  smaller  number  of  observations  made  umler  normal 
conditions  would  have  yielded  a  result  of  the  same  reliability. 
The  effect  of  moonlight  is  very  small  and  no  correction  has 
been  made  for  it. 

The  rate  of  decline  is  now  about  one  magnitude  a  month; 
but  my  observations  of  the  first  week  show  an  unmistakable 
increase  of  brightness  of  nearly  half  a  magnitude.  This  oscil- 
lation and  the  other  observations  can  be  represented  fairly  well 
by  a  curve  of  eight  days'  period. 

September  23,  1905.  James  D.   Maddrill. 

Note  ox  the  Stectrum  of  A^ofa  Aqu/l.^  No.  2. 

Xova  AquiUv  Xo.  2  was  observed  visually  with  the  one- 
prism  spectrograph  on  the  night  of  September  5th,  when  its 
magnitude  was  about  10.5  on  the  Harvard  scale.    At  that  time 
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"the  spectrum  was  similar  to  that  of  Nova  Gcniinonim.  as  ob- 
served by  Drs.  Reese  ami  Cuhtis  on  April  I,  1903.  (See 
L.  O.  Bulletin,  \'ol.  II,  No.  37,  pp.  59,  60.)  Tlie  spectrum 
consisted  of  a  number  of  bands,  the  brightest  of  which  was 
easily  identified  as  Hg  by  means  of  the  neighboring  iron 
[ines  in  the  iron  spark.  A  faint  band  in  the  region  of  A  4600. 
and  the  still  fainter  Hy  band,  could  also  be  distinguished. 
A  series  of  maxima  e.xtending  from  the  region  of  11^  toward 
the  red,  giving  almost  the  appearance  of  a  continuous  spectnjm, 
was  also  observed.  The  seeing  was  poor  and  the  image  very 
faint,  due  to  a  great  amount  of  smoke  in  the  air,  making  the 
identiticatlon  of  the  various  bands  (with  the  exception  of 
HgJ  quite  difficult. 

Although  the  Nova  was  very  faint,  two  fair  spectrograms 
of  it  were  obtained  with  the  one-prism  spectrograph,  as 
follows : — 


\ 


Plile 

Dale,  G.M.T. 

E)ip05iirr 

sill  widtli. 

Emulti^ll. 

3986A 

1905  Sept.    6.8 

3  hours 

.004  inch 

Seed  2-; 

3994A 

1905  Sept.  10.7 

4  hours 

.004  inch 

Seed  2-; 

The  plates,  in  the  region  common  to  the  visual  and  photo- 
graphic rays,  confirm  the  observations  of  the  5th  of  September. 
The  exposure  time  was  about  correct  for  the  H^  band,  and 
much  too  short  for  the  others.  The  following  is  a  brief  descrip- 
tion of  the  bands  and  their  approximate  wave-lengths,  which 
were  obtained  by  interpolation  from  the  iron  comparisons  lines. 

Hp   band:   Strong;   limits,   A4845-4885;   edges   fairly   sharp. 
I  Band  at  A  4600:    Intensity  about  one  fifth  that  of  H^  ;  limits 
not  sharply  defined,  but  approximately  from  A4590-4710; 
fades  off  gradually  on  both  sides. 
Hy  band:  Intensity  one  tenth   (or  less)   that  of  H^  ;  width 
50-60  A.  U, ;  sharp  minimum  at  A  4345. 
.  band:  Very  faint;  width  about  70  A.  U. 

.\  faint  continuous  spectrum  extends  from  the  rei^ion  X  45QL) 

)  that  of  the  Hy  band.     H^  and  the  so-called  nebular  lines, 

irilh  the  possible  exception  of  A  5007,  do  not  show  on  the  plates. 

It  will  be  noticed  that  the  relative  photographic  intensities 

feiven  above  are  ven.'  unlike  those  of  Nora  Gcmhwruiii  in  1903 

Kl.  c).    While  this  may  be  due  to  a  real  difference  in  the  stars. 
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we  are  at  present  unable  to  say  to  what  extent  it  has  been  accen- 
tuated by  differences  in  the  emulsion  and  atmospheric  con- 
ditions. J.  H.  Moore, 

1905,  September  30th.  S.    Albrecht. 

Photographs  of  Nova  Aqu/l^e  No.  2. 

Photographs  of  Nova  AquiliB  No.  2  have  been  obtained 
with  the  Crossley  reflector  since  August  31st,  with  exposures 
ranging  from  ten  seconds  to  two  and  one-half  hours.  No 
indication  of  any  nebulosity  surrounding  the  Nova  is  shown 
on  these  plates.  The  photographic  magnitude  on  August  31st 
was  about  9.2  on  the  DM.  scale,  and  by  September  4th  it 
had  faded  several  tenths  of  a  magnitude. 

The  following  position  of  the  Nova  was  obtained  from  a 
plate  taken  on  October  1st  with  an  exposure  of  ten  seconds: — 

tt  1905.0  =18*^  57™  4^.8 
81905.0=  —4°  34'  53" 

S.  Albrecht. 

Pkoc.ress  of  Work  at  Mount  Wilson. 

Director  Hale,  of  the  Solar  Observatory  at  Mount  Wilson, 
is  in  Europe,  and  the  other  members  of  the  staff  find  their 
time  so  fully  occupied  that  notes  on  the  work  must  wait  until 
later. 

A  letter  from  Professor  Ritchey,  however,  from  which  I 
am  permitted  to  quote,  states  that  satisfactory  progress  is 
being  made  both  in  the  construction  of  instruments  and  build- 
ings and  in  the  work  of  actual  observation.  Arrangements 
are  now  being  made  for  the  erection  of  a  dome  for  the  five- 
foot  reflecting  telescope. 

Professor  Barnard,  of  the  Ycrkes  Observatory,  who  has 
been  at  Mount  Wilson  since  last  January,  has  completed  his 
series  of  photographs  of  the  Milky  Way,  and  has  dismounted 
the  Bruce  photographic  telescope  preparatory  to  his  return 
to  Williams  Bav. 

The  Smithsonian  Expedition,  under  Professor  Abbot, 
which  has  been  carrying  on  investigations  on  solar  radiation 
at  Mount  Wilson,  during  the  past  summer,  still  occupies  its 
station,  but  will  complete  its  programme  in  a  few  weeks. 

Professor  Hale  is  expected  to  return  to  the  observatory 
about  October  20th.  R.  G.  A. 
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The  Solak  Eclii-se  of  Aluust  29-30.  lyos- 
Detailed  reports  from  the  Crocker  Eclipse  Expeditions 
from  the  Lick  Observatory  have  not  vet  been  received,  but 
cable  messages  from  Director  Caupbkll,  at  Alhama  de  Ara- 
gon,  Spain,  and  Professor  Hl'ssey,  at  Assouan,  Egj-pl,  state 
lliat  the  entire  programme  was  successfully  carried  out.  At 
the  Labrador  station,  according  lo  a  message  from  Dr.  Curtis. 
the  eclipse  was  not  seen,  owing  to  storms  which  apparently 
extended  over  a  wide  area.  Dr.  CAMPnEt.i,  states  that  the 
corona  had  no  prominent  streamers,  but  was  circular,  as  in 
1893.  In  our  December  issue  we  hope  to  print  a  genera! 
account  of  the  three  expeditions  from  this  Observatory,  with 
illustrations.  Press  dispatches  report  successful  resnhs  at 
all  stations  along  the  path  of  the  eclipse  from  Spain  to  Egypt. 

R.  G.  k. 

The  Motion  of  13  Ceti  —  Ho  212. 
Three  recent  observations  of  this  interesting  binary  system 
show  that  the  companion  star  is  now  in  the  third  quadrant. 
The  mean  of  these  measures  is; — 

1905.6a  208'' .2  o".  1 3  3"  36-inch 
The  t»vo  components  were  distinctly  separated  at  the  time 
of  the  third  observation,  and  as  they  differ  very  decidedly  in 
magnitude  there  is  no  doubt  about  the  quadrant.  Dr.  See 
measured  this  pair  at  Washington  on  one  night  in  1899.97, 
obtaining  250°. 7  o".28.  a  result  which  was  confirmed  here  [be 

following  year,  when  three  nights'  measures  with  the  36-inch 
pve  the  position — 
1900.70  26l''.0  0".2I 
\s  my  measures  since  1900  have  shown  that  the  motion  is 
|rect, — that  is,  that  the  position-angles  increase  with  the 
imc. — it  appears  that  the  companion  star  has  described  an 
re  of  fully  300°  aboul  its  primary  in  less  than  six  years.  It  is 
therefore  now  certain  that  13  C^/i  must  rank  with  S  EquuIeJ 
and  K  Fcgasi  as  one  of  the  most  rapid  of  known  visual 
binaries:  in  fact,  an  orbit  with  a  period  of  7.1  years  will  repre- 
sent all  the  observations  satisfactorily,  and  will  also  account 
for  BfHNHAM's  failure  to  see  the  companion  in  1877  and  in 
|_l890-9l.  R.  G.  AiTKEx. 

September  15,  1905. 
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Observations  of  the  Seventh  Satellite  of  Jupiter. 

Plates  of  the  seventh  satellite  of  Jupiter  have  been  obtained 
with  the  Crossley  reflector  since  August  5th.  The  plates  taken 
on  the  nights  of  August  7th,  8th,  and  9th  gave  the  following 
approximate  positions  for  the  satellite,  referred  to  the  ephe- 
meris  positions  of  Jupiter  taken  from  the  American  Ephemeris 
{Jupiter  being  off  the  edges  of  the  plates) : — 


Length  of 

Position 

Date. 

Exposure. 

Distance. 

Angle. 

August  7.96 

90™ 

54'-6 

289°.7 

8.96 

90 

55-1 

289  .5 

9.96 

90 

55-6 

289  .4 

These  observations  show  the  satellite  to  be  about  a  month 
ahead  of  the  ephemeris  computed  for  it  by  Dr.  Frank  E. 
Ross  (L.  O,  Bulletin,  78). 

The  satellite  is  of  about  the  sixteenth  photographic 
magnitude.  Seb.  Albrecht. 

August  14,  1905. 

A   Curious   Astronomical   Observation. 

While  engaged  at  the  12-inch  telescope,  about  thirteen 
minutes  before  noon,  September  19th,  I  chanced  to  see  a  bright 
object  moving  in  a  northeasterly  direction  in  the  field  of  the 
finder.  The  telescope  being  only  lightly  clamped,  I  was  able 
to  follow  the  object  for  about  eight  or  ten  seconds,  when  it 
was  cut  off  by  the  dome.  Calling  to  a  visitor  to  move  the 
dome  quickly,  I  attempted  to  keep  the  telescope  moving  with 
constant  speed  and  direction.  On  the  aperture's  clearing  again, 
however,  I  did  not  find  the  object  readily.  I  then  noted  the 
position  of  the  telescope:  R.  A.  14^  o™,  Decl.  +  ^6°.5.  It 
was  near  R.  A.  13^  46"^,  Decl.  +  14^^.8,  wheA  the  slowly 
moving  meteorite  was  first  seen.  The  time  in  traversing  this 
(»stin-»ated  path  would  have  been  about  fifteen  or  twenty  seconds. 
Hence,  roughly,  the  apparent  velocity  was  only  about  10'  or 
15'  per  second. 

Turning  immediately  to  P'euus,  I  noted  that  the  meteorite 
was  somewhat  brighter  than  J'euus,  its  intrinsic  luster  being 
less,  but  its  apparent  area  being  five  or  ten  times  as  great. 
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No  trail  was  seen  with  certainty ;  my  attention  was  directed 
to  the  nucleus. 

Care  was  taken  to  determine  definitely  that  the  phenomenon 
was  not  one  of  reflected  sunlight,  etc. 

September  23,  1905.  James    D.    AIaddrill. 


GEN  ERAL    NOTES. 


In  number  loo  of  these  Publications  there  was  printed  a 
table  showing  a  comparison  between  the  weather  at  the  Inter- 
national Latitude  Stations  of  Mizusawa,  Japan,  and  Ukiah, 
California.  The  Mizusawa  meteorological  report  for  1904  came 
recently,  and  a  comparison  similar  to  that  published  in  the 
number  mentioned  above  is  given  in  the  table  below: — 

Mizusawa.  Ukiah. 

Precipitation  (1904)   5484 inches  56.02 inches 

Maximum    12.58  (July)  17.29  (Feb.) 

Minimum 1.39  (Feb.)  0.02  (Aug.) 

Number  of  days  on  which  rain 

fell 211  98 

Number  of  days  on  which  no 

rain  fell 155  268 

Maximum    interval    with    rain 

every  day    Oct.  26-Nov.  1 1  Mar.  5-Mar.  14 

(17  days)  (10  days) 

Maximum  interval  without  rain  Aug.  14-Aug.  29  July  14-Aug.  23 

(16  days)  (40  days) 

Number  of  clear  days 12  201 

Number  of  cloudy  days 170  96 

Maximum    temperature    93°  F.  (Aug.)  108**  F.  (Aug.  Sep.) 

Minimum  temperature   -4°  F.  (Jan.)  25°  F-  (Jan.  Mar.) 

Besides  the  meteorological  data,  the  report  contains  two 
seismological  tables,  one  containing  the  records  of  ninety-nine 
earthquakes,  and  the  other  the  records  of  sixty-seven  pulsatory 
ascillations,  all  experienced  at  Mizusawa  in  1904. 


Xamcs  for  Satellites, — The  August  number  of  The  Ohscrv- 
atorv  contains  a  communication  from  CiiAS.  T.  Whitmell 
which  reads  as  follows : — 

**  Whilst  the  members  of  the  ever-increasing  crowd  of 
minor  planets  are  promptly  supplied  with  names,  we  have,  as 
yet,  no  name  for  the  satellite  of  Neptune,  discovered  nearly 
sixty  years  ago;  and  for  the  satellite  of  Jupiter,  discovered  in 
1892,  we  have  only  a  number.  Xow  that  fresh  members  have 
been  added  to  the  families  of  Jupiter  and  Saturn,  the  lack  of 
distinctive  names,  such  as  those  so  happily  given  to  the  satel- 
lites of  Mars,  is  a  decided  inconvenience. 

"  Should  not  the  discoverers  of  these  recently  found  moons 
be  asked  to  name  them?  Their  right  to  do  so  will  not  be 
disputed.  In  the  case  of  Neptune's  moon,  unfortunately  we 
cannot  appeal  to  Mr.  Lasskll;  but  if  this  satellite  may  not 
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bear  his  name,  would  it  not  be  well  for  leading  astronomers 
(at  their  next  conference)  to  find  some  suitable  title? " 


The  following'  notes  have  been  taken  from  recent  numbers 
of  Science: — 

At  the  recent  commencement  of  Amherst  College  the  degree 
<■{  Master  of  Arts  was  conferred  by  President  Hakhis  on  Mr, 
Llnhix.  He  said:  "Carl  Axkl  Robeht  Lu.ndin,  scientific 
expert  in  cutting  and  fashioning  glasses  of  great  telescopes. 
He  has  done  important  work  on  the  large  objectives  of  Russia, 
of  the  Lick  and  Yerkes  observatories,  and  lately  on  the  18-inch 
objective  of  the  Amherst  College  Observatory,  which  is  wholly 
his  work.  In  1854  Ahmcrst  conferred  the  degree  of  master  of 
arts  on  Alvan  Clark,  who  had  built  our  first  telescope.  The 
same  degree,  for  a  similar  service,  is  conferred  on  his  succes- 
sor, who  has  kept  pace  with  the  progress  of  astronomical 
science." 

The  city  of  Hamburg  will  re-establish  the  old  astronomical 
observatory  at  Bergedorf.  The  observatory  has  been  presented 
with  fifty  thousand  marks  for  the  purchase  of  a  photographic 
telescope. 

The  Carnegie  Institution  sent  Professors  F.  Elster  and 
II.  Gkitkl  and  Herr  F.  Harms  to  Palma  to  make  observations 
of  the  electric  conditions  of  the  atmosphere  during  the  recent 
solar  eclipse.  Nature  states  that  by  means  of  a  self- registering 
electrometer,  the  variation  of  atmospheric  electricity  was 
photographically  recorded,  and  a  series  of  points  of  the  same 
I  tune  was  taken  simultaneously  by  eye-readinge.  The  ioniza- 
liion  of  the  air  was  studied,  and  exact  measurements  of  the 
Mensity  of  the  solar  radiation  within  the  short  wave-lengths 
;  carried  out.  The  observations,  like  all  others  in  Spaii>, 
buffered  from  bad  weather  conditions.  On  the  day  nf  the 
eclipse  rain  fell  during  the  morning:  consequently  it  cannot 
be  considered  as  undisturbed  as  regards  atmospheric  elec- 
tricity. The  measurements  of  the  solar  radiation  were  possible 
I-  '  in  a  continuous  scries  only  from  the  first  contact  to  the  end 
tjf  totality;  the  decrease  of  illumination,  therefore,  was  de- 
Krmined  in  a  satisfactory  manner  and  without  any  gaps.  On 
She  other  hand,  clouds  prevented  anv  reading  being  taken 
BUring  the  increase  of  light  after  totality. 
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Dariinn's  Address, — Professor  G.  H.  Darwin's  presidential 
address,  on  evolution,  delivered  before  the  recent  meeting 
of  the  British  Association  for  the  Advancement  of  Science 
held  in  South  Africa,  is  printed  in  full  in  Science  for  August 
25th  and  September  1st.  It  is  a  masterly  address,  and  should 
be  read  by  every  one  interested  in  astronomy. 


Doctor  s  Degrees, — In  Science  for  September  15th  there 
appeared  an  article  entitled  *'  Doctorates  Conferred  by  Ameri- 
can Universities."  During  the  last  eight  years  2,037  doctorates 
have  been  conferred,  and  of  these  984  were  taken  in  the 
sciences.  Astronomy  stands  ninth  among  the  twenty-two  sci- 
ences enumerated,  with  twenty-seven  degrees  to  its  credit. 
Three  doctorates  in  astronomy  were  conferred  during  the 
last  academic  year  as  follows:  **By  Princeton  University,  on 
Walter  Mann  Mitchell,  **  Researches  in  the  Sun-Spot 
Spectrum.  Region  F-A  '* ;  by  the  University  of  Wisconsin, 
on  Stephen  Marshall  Hadley,  "  Relative  Masses  of  Binarv 
Stars  " ;  by  the  University  of  California,  on  Ralph  Hamilton 
CuKTiss,  (I)  **  A  Method  of  Measurement  and  Reduction 
of  Spectrograms  for  the  Determination  of  Radial  Veloci- 
ties," (II)  "Application  to  the  Study  of  the  Variable  Star 
W  Sagittarii/' 

Latitude  Stations. — In  the  last  number  of  these  Publica- 
tions there  appeared  a  note  on  the  variation  of  latitude  in 
which  mention  was  made  of  two  new  stations  about  to  be 
established  in  the  southern  hemisphere.  Since  that  note  was 
written  additional  data  have  come  to  hand  which  may  not  be 
entirely  without  interest  to  readers  of  these  Publications,  The 
exact  latitude  of  the  stations  is  — 31°  55'  15",  and  the 
longitudes  are  — 115°  54'.5  and  +63°  42'.  The  Australian 
station  is  situated  near  Bayswater,  between  three  and  four 
miles  northeast  of  Perth,  the  principal  city  of  Western  Austra- 
lia. Perth  has  about  fortv  thousand  inhabitants.  The  altitude 
of  the  station  is  about  one  hundred  feet  above  sea-level.  The 
annual  range  of  temperatures  is  between  freezing  and  110° 
Fahrenheit,  and  the  yearly  rainfall  is  about  thirty-four  inches. 
Dr.  Curt  Hessen,  formerly  second  assistant  in  the  Berlin 
Observatorv,  is  to  be  observer  at  this  station,  and  the  instru- 
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menl  is  a  zenith- telescope  by  Wanschaff  of  2.7  inches  aper- 
ture and  34  inches  focal  length.  This  is  the  instrument  used 
by  Makcise  in  the  observations  made  at  Honolulu  in  i8yl 
and  1892. 

The  station  in  the  Argentine  Republic  is  located  near  the 
small  village  of  Oncativo,  which  is  on  -the  Central  Argentine 
Railway  about  forty-three  miles  from  Cordoba.  The  altitude 
of  the  station  is  about  yao  feet.  The  annual  range  of  tem- 
perature is  between  +  20'  and  -[-  105°  Fahrenheit.  The 
yearly  rainfall  is  about  27.5  inches.  Dr.  Luici  Carnera,  for 
two  years  observer  at  the  latitude  station  at  Carloforte.  is  to 
have  charge  of  this  station.  The  instrument  is  a  zenith- 
telescope  by  VVansohaff  of  4.3  inches  aperture  and  51  inches 
focal  length.  This  instrument  is  of  the  same  size  as  those  at 
Gaithersburg  and  Ukiah. 

With  the  esiabtishment  of  the  new  zenith-telescope  at  the 
Poulkova  Observatory,  mention  of  which  was  made  in  the 
last  number  of  these  Publications,  regular  observations  for  the 
variation  of  latitude  are  now  being  made  at  eleven  different 
stations  situated  in  five  different  latitudes,  as  follows:  Poulkova, 
in  latitude  +  59°  46' ;  Leiden,  +  52°  9' :  Mizusawa.  Tscharrijui, 
Carloforte,  Gaithersburg,  Cincinnati,  and  Ukiah,  +39°  8'; 
Tokio  +35°  39':  Havswater  and  Oncativo,  — 31^  55'. 

S.  D.  T. 


Figure  of  the  Suit. — The  .Istropliyslcal  Journal  for 
September  contains  a  number  of  interesting  articles,  one  of 
which,  "  The  Figure  of  the  Sun,"  by  Charles  Lane  Poor, 
is  of  special  and  perhaps  popular  interest.  Between  i860  and 
1875  Lewis  M.  Ruthehfuhd  made  a  large  number  of  photo- 
graphs of  the  Sun,  and  these  negatives  are  now  in  the  pos- 
session of  the  Observatory  of  Columbia  University.  Dr.  Poor 
has  selected  from  these  all  of  those  which  are  of  good  defini- 
tion and  have  upon  them  marks  and  data  sufficient  for  their 
orientation.  Most  of  the  plates  did  not  have  orientation  marks 
upon  them,  and  only  twenty-two  were  found  suitable  for 
measurement.  The  polar  and  equatorial  diameters  of  the  Sun's 
image  were  determined  from  these  plates  by  means  of  a  meas- 
uring-engine, and  when  the  results  were  arranged  chrono- 
logically the  interesting  fact  developed  that  the  number  which 
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expresses  the  ratio  between  the  polar  and  equatorial  diameters 
is  not  constant,  and  indeed  it  was  found  that  the  equatorial 
diameter  was  sometimes  greater  and  at  other  times  less  than 
the  polar  diameter.  In  order  to  test  the  result  Dr.  Poor  made 
an  investigation  of  a  large  number  of  heliometer  measures 
of  the  Sun's  diameter  made  in  connection  with  the  transits 
of  /  ^cnns  in  1874  and  1882.  This  investigation  confirmed 
the  results  obtained  from  Rutherfurd's  plates.  To  still 
further  test  the  result  Dr.  Pcx)R  obtained  a  number  of  negatives 
of  the  Sun  taken  at  Goodsell  Observatory  in  1893  and  1894. 
The  measurement  of  these  plates  gave  further  confirmation 
of  the  result  first  obtained. 

Dr.  Poor's  next  step  was  to  plot  these  results  along  with 
the  curve  of  sun-spot  frequency,  and  the  interesting  fact  was 
developed  that  the  change  in  the  ratio  between  the  equatorial 
and  polar  diameters  has  a  period  which  apparently  coincides 
with  the  sun-spot  period.  The  equatorial  diameter  increased 
with  respect  to  the  polar  diameter  at  the  same  time  that  the 
number  of  spots  was  increasing,  and  vxcc  versa. 

The  article  is  closed  with  the  following  paragraphs: 
*'  The  present  investigation  would  seem  to  show,  therefore, 
that  the  ratio  between  the  polar  and  equatorial  radii  of  the 
Sun  is  variable,  and  that  the  period  of  this  variability  is  the 
same  as  the  sun-spot  period.  The  Sun  appears  to  be  a  vibrating 
body  whose  equatorial  diameter,  on  the  average,  slightly  ex- 
ceeds the  polar  diameter.  At  times,  however,  the  polar  diame- 
ter becomes  equal  to  and  even  greater  than  the  equatorial — 
the  Sun  thus  passing  from  an  oblate  to  a  prolate  spheroid. 

**  In  this  variable  figure  of  the  Sun  may  He  the  explanation 
of  the  anomalies  in  the  motions  of  Mercury,  Venus,  and  Mars/* 

S.  D.  T. 


Eclipse  from  a  Balloon. — Mr,  Percival  Spencer  gives 
the  following  account  of  the  balloon  ascent  which  he  made 
with  Mr.  F.  H.  Butler  from  Wandsworth,  near  London,  with 
the  object  of  viewing  the  eclipse  from  the  clouds: — 

"At  half-past  12  the  ascent  commenced,  and  at  12:4a 
through  the  upper  clouds  we  saw  the  Sun,  a  crescent.  We 
wTre  then  two  thousand  feet  high,  and  still  rising.  Soon 
more  clouds  intervened,  and  in  another  five  minutes  we  had 
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reached  three  thousand  feet,  and  the  Sun  was  quite  obscured 
by  ihe  upper  clouds.  The  balloon  was  now  reaching  its  equi- 
librium, and  at  ten  minutes  to  i  a  hundredweight  of  sand 
was  discharged,  which  had  Ihe  effect  of  so  lightening  it 
that  a  continual  and  regular  rise  ensued.  At  five  minutes  to 
I  wc  were  forty-five  hundred  feet  high,  saw  the  eclipse  well, 
and  took  our  first  photographs  of  it.  From  i  o'clock  to  twenty 
minutes  past  we  had  a  continual  and  uninterrupted  view,  and 
proceeded  to  take  photographs  at  regular  intervals,  until  at 
1 :30  we  had  reached  six  thousand  feet  high,  and  now  so  much 
cloud  had  been  left  behind  that  we  found  the  light  so  strong 
ihat  the  view  could  not  t»e  obtained  with  our  obscured  glasses. 
The  Sun's  rays  were  loo  powerful.  We  overcame  this  by  using 
two  glasses,  and  thus  we  not  only  continued  to  view  the  in- 
creasing rays,  but  continued  to  take  photographs,  with  our 
fumed  glasses  in  front  of  ihe  lens.  .  .  .  The  eclipse  finished  at 
2^4,  and  one  minute  later  the  balloon  descended  through  the 
clouds.  As  we  passed  the  clouds,  snowflakcs  descended  round 
us;  at  2:10  we  were  crossing  the  coast-line,  and  at  a  quarter 
past  2,  having  dropped  lo  three  thousand  feet,  we  were  out 
at  sea.  At  2:25  the  coast  was  disappearing.  By  means  of 
the  statoscope — a  delicate  instrument  for  showing  the  rise  and 
fall — we  endeavored  lo  maintain  our  equilibrium  at  about 
three  thousand  feet." 

The  aeronauts  landed  at  Caen,  having  traveled  one  hundred 
and  sixty  miles  in  seven  and  a  half  hours. — Extract  from  the 
.  Times. 


'  Solar  Eclipse. — M.  Tbepied,  director  of  ihe  .Algiers  Ob- 
servatory, reported  as  follows  concerning  the  recent  eclipse : — 
'"The  observation  was  favored  by  splendid  weather,  and 
was  very  clear.  The  contact  of  the  Sun  and  Moon 
occurred  practically  at  the  moment  determined  by  the  calcu- 
[■ihtions  made  in  different  countries. 

As  soon  as  the  light  began  to  fail  Mercury,  Regulus,  and 
Venus  were  seen  shining  in  a  dark  sky.  The  solar  corona 
was  very  brilliant.  It  presented,  on  the  whole,  the  features 
which  had  been  expected  on  account  of  the  period  of  solar 
activity,  i.  e.  the  corona  was  not  very  extensive,  but  was  dis- 
iributed  uniformly  round  the  Sun.    Brilliant  red  protuberances 
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of  hydrogen  were  perceived  on  the  edge  of  the  Sun  at  the 
b^inning  and  at  the  end  of  the  period  of  totality.  Bailey's 
beads  were  also  obsened. 

'*  The  Algiers  mission  took  thirty-one  photog^phs  of  the 
eclipse  before,  during,  and  after  the  period  of  totality.  It 
photographed  the  spectral  corona  with  a  special  apparatus. 
The  temperature  fell  five  degrees  centigrade,  from  33  to  28 
(91.4  to  82.4  Fahrenheit ».  The  wind  was  rather  strong.  The 
so-called  eclipse  wind  rose  at  the  beginning  of  totality  and  of 
obscurity.  At  the  same  time  we  saw  on  the  ground  moving 
shadow-stripes,  a  phenomenon  which  has  not  yet  been  ex- 
plained."— From  London  Standard, 
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Minutes   of  the    Special    Meeting   of   the    Board    of 
directobs,  held  in  the  rooms  of  the  society, 

AL'OUST    31,    1905.    AT   8    P.    M. 


The  meeting  was  , 
A  quorum  was  pr«s< 


order  by  Vicc-Presidcnl  Leuschn: 

■  minutes  of  the  lasl  meeting  wc 


The  Society 
Laws  Obse 


5  gratis 


s  o[  the   Bulletin  of  the 


The  Treastirer  rcporied  thai,  ty  order  of  the  Finance  Com- 
niitiec.  the  fourteen  savings-bank  accounts  of  the  Permanent  Funds 
<  !^cc  Annual  Siatemenl.  No.  101,  page  8?)  have  been  disiribuled 
a,  £oHows:— 


i^%  B^wrlhCci 


Duoohor  Cornel- M 


\ 


Ceinrni  S« 

S«prity  Sa 

inBS  Bank. 

San  FniKia 

MulMf  Sav 

Uniun  Tnis 

Compain. 

The  following  amendnier 
consenting  \ 


Babcock.  BurckHj 
Town  LEV,  Zibl. 


the  by-laws  was  duly  adopicd  by 
ie!y:    Messrs.  Aitkek, 


I,  Campbell,  Crocker,  Cushinc,  Leuschnkr, 


.A,RT!CI-E    II. 


i 


This  Socieiv  shall  consist  of  patrons,  active  members,  and  life 
mcnfbers,  to  be  elected  by  the  Board  tif  Directors, 

1.  Persons  who  render  distinguished  services  10  the  Society 
may  be  designated  as  palrons  of  the  Society.  The  consenting  votes 
of  eight  members  of  the  Board  of  Directors  shall  be  necessary 
for  election  to  this  status.  Such  election  shall  carry  with  it  election 
life  membership  in  the  Society  and  the  privileges  attached 
hereto. 

.Aclive  members  shall  consist  of  persons  who  shall  have  been 
■d  to  membership  and  shall  have  paid  their  dues  as  herein- 
provided. 

Life  members   shall   consist   of  persons  who  shall   have   been 
'elected  to  life  membership  and  shall   have  paid  $30  (fifty  dollars) 
the  Treasurer  of  ihe  Society. 

4.  K  certain  number  of  observatories,  academies  of  science, 
Tonomical  societies,  insiirutions  of  learning,  etc,  not  to  exceed 
one  hundred,  shall  he  designated  by  the  Board  of  Direclors  as 
rresponding  institutions,  and  they  shall  receive  ihc  publications 
ihe  Society  in  exchange  or  otherwise. 
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The  following  resolutions  were  duly  adopted  by  the  consenting 
votes  of  the  above-named  nine  Directors: — 

Resolved,  That  the  following  names  be  placed  on  the  list  of  Patrons  of  the  Society  : 

PATRONS  OF  THE  SOCIETY. 

Edward  Singleton  Holden West  Point,  N.  Y. 

Joseph  A.  Donohoe.I 

ALEXANt>ER    MONTGOMERY.t 

Catherine  Wolfe  BaucB.f 

John  Dolbkbr  t 

William  ALVORO.t 

William  Montgomery  PiBRSoN.f 


t  Deceased. 

Resolved,  That  the  Bruce  Medalists  shall  be  entitled  to  receive  the  publications  of  ihe 
Society  gratis. 

Resolved,  That  the  Publication  Committee  be  instructed  as  follows:  Whenever  a 
list  of  members  of  the  Society  is  published,  there  shall  be  printed,  first  the  names  of  the 
"  Bruce  Medalists,"  under  that  heading  and  in  the  order  of  the  bestowal  of  the  medal. 
This  shall  be  followed  by  the  names  of  the  *'  Patrons  of  the  Society,"  under  that  heading 
and  in  the  order  in  which  the  distinguished  services  were  rendered.  These  lists  shall  be 
followed  by  the  names  of  "  Members  of  the  Society,"  under  that  heading,  arranged  in 
alphabetical  order.  The  names  of  deceased  Patrons  and  of  Bruce  Medalists  shall  be 
continued  on  the  lists. 

Adjourned 
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OPFICBRS  OF   THC  SOCIETY. 

r-  5.  D.  TowSLHV Prii,A,^l 

u  A.  O.  Leoschhkii      .Fitil  Vicr-Prtiiint 

r.  Cn*s.  S.  CusHiHG .  Sicuii'l  fice-f^fiidrnl 

I.  A.  H.  Bakock .  7*irfl  V'tt-Prtuitnl 

r.  F.  U.'.  ZinL         I - Srct/laHf, 

ard  of  Dirrclari—tAaan    Alriuui,  Bakock.   BuKJKHAi.rHR.  C*«f»I'li.,  Ckockm. 

Ct<SHIXC,  H»LK,  Lkuschkm,  Pardu,  Townlbv,  Zibi., 
Mir*  CaoKiai'u^Mcsin.  CusKiHC,  LEirscHNSB,  Wh,  H.  Oockbr. 
mmtllii  an  Pitilaaliaii—'rAain  AiTKBK,  TOWKLEV,  NBWKIBK. 


NOTICE, 

TbF  mention  of  neir  memfacn  is  called  lo  Article  VHIoflbe  Bj^Litvi .'which  pinTitlcs 

annuiJ  paymcnti  arc  due  on  Jauuaiv  mt  of  each  luccHdiug  cilcndar  year.  Thiiruleis 
piccHiT)'  in  older  lo  make  our  book  kccptnE  as  simple  en  poaible.  liucs  sent  hy  nmil 
ibDuld  be  direclnlloAtlrononilcslSoclclyol  Ihe  Pacific.  SijMntketSlRet,  ban  FrandKO. 
Il  is  intended  thai  each  mcDiber  of  IbcSocietv  sball  receives  copy  of  each  Dtie  of  [be 
PitHiealii'Ht  for  ibe  year  in  which  be  «•  decied  to  Dtembershlp  and  tor  alt  >uhseqiienl 
ftan.  Iftherc  have  been  (unlorluuiely)  any  ominlonBln  Ihii  mailer,  it  it  leaumollhat 
Ihe  Secreiariea  be  at  once  notllied,  In  order  thai  Ibe  miuini;  numben  may  be  kurplird. 

ih«m.    OncecB^  yeaca  litk-taceuulceiiieiiis  of  the  preceding  nuinben  will  also  lie  neiit 
la  the  meinbcis,  who  can  then  bind  Ibe  numbers  lo^elber  rnlo  a  vo)nme.    Comcilete 


Street,  Sun  Pnnc 


ilhin  the  Unitid  BtBles  caii  obli 
ard  with  len  cents  in  atampsto 
who  will  reiBin  Ihe  book  and  the 


;."fiES 


United 

the  wrilcrt,  ana  ra  not  asaumea  oy  ipe  aocieiy  i 
The  titlei  of  papers  for  reading  ahould  bcc 
early  as  pwwble.  as  well  as  any  change!  in  addi 
■end  to  any  metnber  of  ibe  Society  iiiltable 
S«iety,  Btcon  price,  asfoltowi:  ablackofleci 


tnience.     In  a  mncral  way 
puhlicailon,    Ilisnotp..B 


upressed  in  the  papers  printed  rests  with 

mmanlcBled  lo  dlher  of  the  Secretaries  as 
!»es.    The  Secretary  in  SBnFranriscowill 
mped  with  the  seal  of  the 


amp*.  Thesendlngs  arc  at  Ihe  rii 
attend  the  meetings  at  Mount  M 
The  Sectciarv  Asironomlcal  Soc 

tt  Street,  San  Francisco,  in  order 


lOfihcmemhet. 
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tfOL  XVII.  San  Francisco,  Calipohnia,  Deck; 


THE  ucK  observatory-crocke: 

EXPEDITION    TO   LABRADOR. 

Bv  Hebek  D.  CuKTis. 

In  accordance  with  the  plans  of  Director  Campbell  (cf. 
Acb  Obsen'alory  Bulletin  \o.  59J  to  utilize  ihree  stations  as 
ridely  separated  as  possible  for  tlie  study  of  problem.^  of 
Dtonal  motion  and  of  possible  intratnercurial  planets  at  the 
tal  solar  eclipse  of  August  30,  1905,  it  was  decided  to  place 
leof  the  three  eclipse  expeditions  sent  out  by  theLickObserva- 
■,  University  of  Califoniia,  through  Mr.  Wm.  H.  Crockkr's 
tnerosity,  at  some  point  on  the  coast  of  Labrador.  The  actual 
ifference  in  time  between  the  instants  of  totality  on  the  coast 
f  Labrador  and  at  the  Egyptian  station  was  about  two  and 
'half  hours,  and  the  value  of  large-scale  photographs  of  the 
Brcina  separated  by  this  interval  of  time  from  the  eastern 
tations  was  felt  to  more  than  counterbalance  the  risk  of  unfa- 
prable  weather  conditions  which  would  undoubtedly  be  quite 
trge  in  such  a  climate  as  that  of  Labrador. 
The  Labrador  party  consisted  of  the  writer  and  Dr.  JOEt, 
HNS,  formerly  Fellow  at  the  Lick  Observatory  and  now 
Bsistant  Professor  of  Astronomy  at  the  University  of  lUinois. 
Its.  Cl'btis  and  Mrs.  Stkbbins  accompanied  the  expc  .ition, 
iicli  sailed  from  New  York  for  St.  Johns,  Newfoundland, 
^on  July  8th.  via  the  Red  Cross  Line  steamer  "Rosalind,"  The 
only  method  of  reaching  the  Labrador  is  by  the  little  mail 
steamer  "Virginia  Lake,"  of  the  Reid-Newfoundland  Company. 
which  sails  every  two  weeks  or  so  from  St.  Johns.  It  was 
found  on  reaching  Halifax  that  the  somewhat  elastic  schedule 
of  this  steamer  had  been  changed  so  as  to  leave  St.  Johns  on 
[_tJie  13th  of  July,  instead  of  on  the  20th.  as  we  had  expected. 
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This  was  the  date  of  the  arrival  of  the  '*Rosalind/*  so  that  it  was 
necessary  to  make  a  very  hurried  transfer  of  freight  at  St. 
Johns  and  to  forego,  to  the  great  regret  of  the  party,  the 
pleasure  of  a  visit  with  Sir  William  MacGregor,  Governor 
of  Newfoundland,  who  had  invited  the  four  members  of  the 
expedition  to  be  his  guests  at  Government  House  during  their 
stay  in  St.  Johns.  We  are  indebted  to  the  Newfoundland  Gov- 
ernment for  the  free  entr}*  of  all  our  goods  and  instruments, 
and  to  Governor  MacGregor  for  so  expediting  the  customs 
formalities  that  we  were  not  delayed  in  the  slightest  in  our 
transfer  to  the  Labrador  steamer.  To  Mr.  H.  A.  Morine, 
General  Passenger  Agent  of  the  Reid-Newfoundland  Company, 
we  are  greatly  indebted  for  his  consent  to  hold  the  **  Virginia 
Lake  "  for  the  transfer  of  our  freight.  Had  we  missed  this 
connection  at  St.  Johns,  we  should  not  have  reached  our  station 
till  August  5th  instead  of  on  July  i8th.  The  trip  from  St. 
Johns  to  Cartwright,  Sandwich  Bay,  Labrador,  occupied  near- 
ly five  days,  and  w^as  full  of  novel  experiences,  though  quite 
cold  and  with  much  rain  and  fog.  Literally  hundreds  of  ice- 
bergs were  passed,  one  of  them,  an  enormous  mass,  toward 
which  we  were  steering  through  the  thick  fog  of  a  dark  night, 
being  much  too  close  for  comfort.  Considerable  floating  pan- 
ice  was  passed  as  well,  and  before  the  little  steamer  could 
reach  her  most  northern  ports  of  call,  at  the  Moravian  mission 
stations  of  Hopedale  and  Nain,  she  had  to  force  her  way 
through  five  miles  of  pack-ice.  This  was  the  first  trip  of 
the  season  in  which  she  had  been  able  to  reach  these  northern 
points  at  all.  Snow  still  lay  in  many  of  the  gullies  down  to 
the  water's  edge,  for  the  Atlantic  Labrador  is  much  colder 
llian  the  corresponding  latitudes  on  the  western  coast  of  the 
continent,  owing  to  the  cold  Arctic  current  which  brings  the 
bergs  and  pack-ice  down  from  the  north.  The  amount  of  ice 
brought  down  by  the  current  this  summer  was  declared  by 
those  of  long  experience  on  the  coast  to  be  unprecedented,  and 
must  be  taken  into  account  as  one  of  the  causes  of  the  unusual 
amount  of  bad  weather  which  the  summer  afforded. 

Every  effort  had  been  made  before  starting  to  select  the 
best  location  as  regards  weather  conditions,  and  Cartwright, 
on  Sandwich  Bay,  had  been  tentatively  selected,  subject  to 
cliange,  should  evidence  favor  another  location.    Letters  from 
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nun  iji  long  cxiK-ricncc  on  the  coast  spoke  of  the  dangers  from 
ti.s:,  and  agrewl  tliat  the  harbor  of  Cartwright,  somewhat 
siiclitrcd  and  removed  as  it  is  from  the  open  sea,  was  far  more 
ipt  to  be  free  from  fog  than  more  eastern  and  exposed  spots. 
Tkri-  are  no  meteorological  data  for  ibis  bleak  coast  save 
the  rather  general  records  of  the  Hudson's  Bay  Company. 
Xavjgalors  of  experience  state  that  it  is  not  infrequently  clear 
in-  Sandwich  Bay  when  thick  outside.  On  the  trip  to  the 
Labrador,  also,  no  opportunity  was  lost  to  interview  numbers 
oi  old  fishermen  of  from  twenty  to  fifty  years'  experience  on 
the  coast,  and  their  evidence  was  all  to  the  same  end;  that 
the  eastern  and  more  exposed  spots  were  mucli  more  subject 
ifjjturm  and  fog  than  places  to  the  north  and  west,  particularly 
when  somewhat  removed  from  the  open  ocean.  Spotted  and 
Square  islands,  among  the  most  easterly  of  the  coast  points. 
art  slated  to  be  extremely  -sttbject  to  fog.  The  interior,  on 
il'e  other  hand,  is  subject  to  very  rainy  and  stormy  weather 
ill  summer.  The  Hudson's  Bay  Company  post  at  Northwest 
Kivcr.  at  the  head  of  Hamilton  Inlet,  over  one  hundred  miles 
''om  the  sea,  is  almost  centrally  located  on  the  path  of  the 
wlipse,  but  the  records  kept  there  show  that  the  last  week 
in  August  has  been  wet  and  stormy  every  year  for  the  past 
len  years.  The  geography  used  in  the  Xewfoundland  schools 
Mates  that  "Cartwright  is  noted  for  its  mild  and  pleasant 
climate  as  compared  with  the  surrounding  region."  Accord- 
i'lgly  no  evidence  was  found  to  change  the  tentative  selection 
of  Cartwright,  which  had  been  made  before  starting. 

Cartwright  is  pleasantly  located  on  a  landlocked  arm  of 
Sandivich  Bay;  its  surroundings  are  not  devoid  of  natural 
beauty,  and  consist  of  tow  mountains  covered  with  stunted 
pines,  a  plea-sant  change  from  the  uniformly  cheerless,  treeless, 
and  rocky  headlands  of  the  coast.  The  scenery  on  the  Labrador 
is  often  grand  and  impressive,  but  probably  as  bleak  and  deso- 
late as  that  of  any  coast  on  the  globe.  Cartwright  is  a  post 
of  the  Hudson's  Bay  Compatiy.  and  consists  of  but  a  few 
houses  and  huts,  aside  from  the  storehouses  and  other  buildings 
of  the  company.  It  has  a  permanent  population  of  about 
sixteen,  a  number  which  is  swelled  to  fifty  or  sixty  in  summer, 
^^  hen  the  "  liveycres "  come  down  from  their  winter  quar- 
Itrs  at  the  head  of  the  bay  to  engage  in  salmon-fishing. 
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We  were  fortunate  enough  to  have  had  as  fellow  travelen 
on  the  **  \'irginia  Lake  "  two  men  high  in  influence  in  the 
affairs  of  the  Hudson's  Bay  Company,  Dr.  A.  Milne,  -Assist- 
ant Commissioner,  of  Winnipeg,  and  Mr.  Peter  MacKexzie, 
with  a  record  of  fifty  years*  service  in  *'  the  silent  places," 
and  now  Chief  Factor  of  the  St.  Lawrence  and  Labrador  Dis- 
tricts. These  gentlemen  placed  at  our  disposal  the  Company's 
resources  at  Cartwright,  and  their  general  orders  were  most 
ably  and  willingly  seconded  by  Mr.  W.  E.  Swaffield,  the 
Hudson's  Bay  Company  Agent  at  this  post. 

The  winter  quarters  of  the  company's  servants  were  offered 
us  by  Mr.  Swaffield.  All  tents,  camp  supplies,  and  pro- 
visions had  been  brought  from  New  York.  This  little  old 
house  was  a  veritable  treasure-trove,  however,  fumishing  us 
with  a  kitchen,  a  combined  pantry  and  dark-room,  and  a  gen- 
eral storeroom.  The  great  box  stove  formed  the  nucleus  of 
our  camp  life  during  the  cold,  subarctic  summer,  though  the 
heavily  raftered  ceiling  was  built  so  low,  to  economize  heat 
against  the  winter  temperatures  of  60°  or  70°  below  zero, 
that  the  tallest  member  of  the  expedition  had  innumerable 
causes  of  temporary  regret  at  his  inches.  The  site  for  the 
camp  was  chosen  directly  behind  and  to  the  west  of  this  house. 

Considerable  difficulty  was  experienced  at  the  start  in  pro- 
curing labor.    The  expedition  reached  Cartwright  at  the  mid- 
dle of  the  salmon  run.    This  is  the  main  means  of  support  for 
these  fishermen,  and  most  of  them  earn  enough  in  the  t\yo  or 
three  weeks  of  the  run  to  support  them  for  the  balance  of 
the  year,  one  hundred  and  twenty  or  one  hundred  and  fifty 
dollars    being    quite    fair    annual    wages,    on    the    Labrador 
standard.     It  would  have  been  impossible  for  the  first  week  or 
two  to  have  hired  men  for  twenty-five  dollars  per  day,  as  not 
infrequently  more  than  this  might  be  made  on  a   favorable 
day  of  the  run.     Considerable  of  the  work  of  establishing  the 
camp  and  clearing  off  some  of  the  timber  was  therefore  done 
by  the  members  of  the  expedition.    Later  two  fishermen  gave 
up  their  cod-fishing  to  work  for  the  expedition,  and  a  third 
was  employed  at  intervals. 

A  difficulty  of  quite  another  sort  was  found  in  the  justly 
famous  Labrador  flies  and  mosquitoes.  We  had  read  much 
in  advance  about  these  pests,  and  the  reception  they  gave  us 


itas  fuliy  as  vigorous  a&  we  had  anticipated.  The  Utile  black 
flies  delight  to  crawl  up  the  sleeves  or  under  the  clothing  and 
bite  out  a  small  chunk.  The  '"stout,"  or  "buU-dog."  is  the 
size  of  a  large  horse-tty,  anil  stops  at  nothing  when  hungry. 
The  mosquitoes  are  most  voracious  aud  in  numbers  uncount- 
able. Wc  span  some  time  in  experimenting  with  various  fly 
ointments,  most  disagreeable  to  use  and  at  best  but  temporary 
in  the  relief  afforded,  and  finally  managed  lo  work  in  comfort 
out  of  doors  only  by  the  use  of  leather  gloves,  wristlets,  and 
rather  elaborate  head-nets  of  fine  mesh,  fastened  to  wide  straw 
hats  and  tied  tightly  about  the  neck  or  shoulders.  With  these 
lirccautions  we  found  it  possible  to  work  in  comparative  coni- 
iort  in  the  midst  of  these  buzzing  swarms  of  insect  pests. 
Work  in  the  open  was  otherwise  impossible.  It  was  with 
considerable  elation  that  we  proved  the  possibility  of  taking 
sextant  observations  through  the  head-net. 

The  work  of  installing  the  instruments  was  accomplished, 
with  time  to  spare,  in  spite  of  the  very  heavy  run  of  bad 
weather.  The  larger  buildings  of  the  Hudson's  Day  Company 
are  arranged  to  catch  the  rain-water  from  the  roofs,  and  so 
wet  was  the  summer  that  Mr.  Swaffield  states  that  this  was 
the  first  time  in  eight  years  that  he  had  not  had  to  import 
water  from  a  creek  some  distance  frcm  the  post  across  the 
hay.  .\11  the  water  used  at  the  camp  after  the  first  two  weeks 
had  to  be  imported  in  this  fashion,  by  boat.  It  was  early 
realized  that  the  chances  of  a  successful  eclipse  were  very 
much  poorer  than  had  been  anticipated,  due  to  the  unitsual 
amount  of  bad  weather,  caused  doubtless  by  the  great  quantity 
of  ice  coming  down  from  the  north.  It  had  been  hoped  that 
the  chances  of  success  would  be  at  least  one  in  two,  but  the 
meteorological  records  which  we  kept  show  that  the  number 
[  good  eclipse  da)^  was  in  much  smaller  proportion.  The 
J  data  give  a  brief  summary  of  the  weather  conditions 
jericnced. 

Xumber  of  days  on  which   observations    were 
taken,  July  1 8th -September  6th 50 

Number   of   days   clear   or    nearly   so   at   8:06 
A.  M 13 

Xumber  of  days  on  which  a  few  results  might 
have  been  secured  7 
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Proportion  of  *'good"  eclipse  days,  about  one  in 

four. 
Maximum  recorded  temperature,  73°. 
Minimum  recorded  temperature,  34°. 
(A  little  ice  and  much  frost  on  several  nights 

in  August.) 

Governor  MacGregor  had  planned  a  scientific  expedition 
along  the  Labrador  coast  with  the  intention  of  making  accurate 
determinations  of  the  latitude  and  longitude  of  a  number  of 
reference-points  in  this  poorly  surveyed  region.  A  battery  of 
chronometers  and  a  number  of  theodolites,  chronographs,  and 
other  instruments  were  provided  for  this  purpose,  for  which 
Governor  MacGregor  is  particularly  well  fitted  through  the 
work  he  had  already  done  in  this  line  while  in  charge  of  the 
colonies  of  British  New  Guinea  and  of  Lagos  in  the  British 
West  Africa  Protectorate.  The  Governor  and  his  assistants 
reached  Cartwright  on  August  8th  in  the  government  yacht 
**  Fiona,''  piloted  by  Dr.  Grenfell,  with  the  British  cruiser 
*'  ScvUa,"  under  Commodore  Sir  Alfred  Paget,  as  convoy. 
Governor  ]\IacGregor  was  favored  with  a  clear  night,  and 
secured  a  complete  and  extended  set  of  observations  for  lati- 
tude and  longitude.  The  reductions  of  the  latter  coordinate 
have  not  yet  reached  the  writer;  that  for  the  latitude  is  given 
below.  We  were  glad  also  to  have  as  visitors  to  the  camp 
Secretary  of  State  Eli  11  u  Root  and  party.  It  may  not  be  gen- 
erally known  that  Mr.  Root,  as  a  young  man,  was  member  of 
an  eclipse  expedition  in  charge  of  the  late  Professor  Peters, 
Director  of  the  observatory  at  Hamilton  College,  of  which 
institution  Mr.  Root  is  an  alumnus. 

The  coordinates  of  Cartwright,  and  the  computed  data  for 
the  eclipse,  arc  as  follows: — 

Longitude,  3^  47™  59®  W.  (Admiralty  chart), 
latitude  53°  42'  31"  X.  (Sir  Wm.  MacGregor). 

^  12*  A.  M.,  local  mean  time. 
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7 
6 

Sun's  apparent  altitude  at  mid-eclipse,  25°  44'  35". 

Duration  of  totality,  2™  30". 
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With  the  four  intTamercurial  cameras  it  was  planned  to 
take  two  plates  with  each  camera,  having  an  exposnre  lime 
of  about  65'  apiece,  allowing  twenty  seconds  for  the  change 
of  plates  at  ihc  middle  of  totahtj'  and  the  cessation  of  vibra- 
tion in  the  instrument  caused  thereby.  This  margin  was  more 
than  enough,  as  the  change  was  not  infrequently  made  in 
(he  preliminarj'  drills  in  ten  seconds.  For  three  of  the  cameras 
the  plates  used  were  sixteen  by  twenty  inches ;  and  for  the 
(ourth,  which  pointed  to  the  region  of  the  sky  nearest  the 
horizon,  the  plates  were  fourteen  by  seventeen  inches.  The 
driving-clock  was  rated  to  solar  time.  The  lenses  were  three 
inches  in  diameter,  by  eleven  feet  three  inches  focal  length. 

The  exposures  for  the  large-scale  photographs  of  the  corona 
ftc.  be  taken  with  the  41-fool  lens  were  arranged  as  follows: — 
Yi  second  14  x  17 
I         "         14x17    "  Slanilardizcd  ■'  31   Ml.   Hamilton- 


8      ■ 

14x17 

■  Standardized  " 

al  Ml.  Hamilton 

64      ■ 

18  X  22 

16      • 

18x22 

*  Standardized  " 

at  Mt,   Haniihon 

8       ■ 

14x17 

The  Sunday  and  Monday  preceding  the  eclipse  were  the 
best  da\-s  we  had  seen  on  the  Labrador ;  the  seeing  was  par- 
ticularly good.     Tuesday,  the-  29th,  however,  opened  with  the 

■  orst  gale  of  the  season ;  the  wind  was  so  high  that  anxiety 
was  felt  for  the  safety  of  the  tower  of  the  41-foot  camera.    The 

Scylla  "  had  returned  to  Cartwright  on  the  28th,  and  it  was 

•ared  that  the  "Fiona"  and  Dr,  Grenfri.l  in  his  "  Strath- 
icona  "  might  not  be  able  to  reach  the  harbor,  bnt  ihey  did. 
Rain   fell  nearly  all  the  night  of  the  29th,  but  there  was  a 

.11  in  the  storm  on  the  morning  of  the  30th.  the  wind  shifting 
im  north  lo  west,  and  affording  a  fleeting  view  of  the 
Tescent  Sun  about  half  an  hour  before  totality.  But  at  the 
ime  of  the  total  eclipse  the  densest  of  clouds  covered  the 
sun.  so  that  not  a  vestige  of  the  eclipse  could  be  seen.  The 
itorm  sprang  up  again  in  the  afternoon  and  lasted  for  five 
days  after  the  eclipse.  Data  from  all  possible  sources  indicate 
that  this  gale  was  of  great  extent,  and  that  stormy  conditions 
were  the  rule  all  over  tlie  coast  and  far  inland  from  the  29th 
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of  August  to  the  5th  of  September.  The  slight  break  in  this 
gale,  however,  which  came  on  the  morning  of  the  30th,  was 
sufficient  to  afford  a  view  of  the  eclipse  at  several  Labrador 
points.  Fishermen  saw  it  through  a  rift  in  the  clouds  at 
laradise,  twenty  miles  southwest.  It  was  clear,  at  the  lime 
of  totality,  at  Indian  Tickle,  on  the  coast  some  twenty-five 
miles  east  of  Cartwright.  At  Northwest  River,  one  hundred 
miles  inland,  where  the  English  and  Canadian  parties  were 
located,  it  was  raining  at  the  time  of  the  eclipse.  So,  aside 
from  the  magnetic  results  secured  at  the  stations  established 
by  the  Carnegie  Institution,  the  scientific  results  from  Labra- 
dor were  nil. 

The  personnel  of  the  camp  at  the  time  of  the  eclipse  was 
as  follows: — 

forty-one  foot  camera — Dr.  Joel  Stebbins^  Assistant 
Professor  of  Astronomy,  University  of  Illinois;  Mr.  W. 
Taylor  Reed,  formerly  Assistant  Professor  of  Astronomy  at 
Princeton  University. 

Intramercurial  cameras — Mr.  E.  F.  Harvey,  of  St.  Johns, 
at  the  exposing  screen ;  Camera  No.  9,  Sir  Alfred  Paget, 
k.  N.,  K.  C.  1).  etc..  Commodore  H.  M.  S.  *'  Scylla";  Camera 
Xo.  10,  Professor  E.  R.  Marle,  B.  Sc.  (Lond.),  F.  C.  S.,  Sci- 
ence Master,  Methodist  College,  St.  Johns;  Camera  No.  11, 
Dr.  \V.  T.  (jRENFELL,  Labrador  Deep  Sea  Mission;  Camera 
Xo.  12,  Mr.  \V.  I^^.  SwAFFiELD,  Hudson's  Bay  Company  Agent 
at  Cartwright. 

Time-counter — Sub-Lieutenant  Vinev,  R.  N.,  H.vM.  S. 
-Scylla." 

Times  of  contact  and  visual  observations — Sir  William 
^f A(  (iRi:gor,  M.  D.,  C.  B.,  K.  C.  M.  G.,  etc.,  Governor  of  New- 
fcundland;  Mr.  A.  C.  Clemixson;  Captain  C.  H.  Elgee, 
F.  R.  (r.  S. ;  Mr.  Henry  Reeve.  C.  M.  G.  ;  Lieutenant  Reinold, 
R.  X.,  H.  ^L  S.  ''Scvlla.^' 

Shado'ic-baniis — Mr.  A.  R.  House. 

To  all  the  above  our  heartiest  thanks  are  due,  and  par- 
ticularly to  Dr.  JoKi.  Sterbins.  whose  skilled  assistance  and 
fertility  of  rescnirce  were  of  great  value  to  the  expedition. 
This  t)pportunily  is  taken  to  express  our  thanks  also  to  Captain 
Parsons  and  officers  of  the  '*  Virginia  Lake,''  to  the  Hud- 
son's Bay  Company  and  Mr.  Swaffield,  its  Agent  at  Cart- 
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w  right,  and  to  the  officials  of  the  Red  Cross  Line  and  Reid- 
Newfoundland  Companies.  The  four  intramercurial  lenses 
were  loaned  to  the  Lick  Observatory  by  the  Harvard  College 
Observator)',  and  the  five-inch  lens  of  forty-one  feet  focal 
length  by  the  Princeton  Observatory. 

Through  the  courtesy  of  Governor  MacGregor  and  Com- 
modore Paget,  all  the  assistants  were  enabled  to  leave  for 
St.  Johns  immediately  after  the  eclipse  on  either  the  "  Scylla  " 
or  the  *'  Fiona,"  so  that  by  ii  o'clock  of  the  eclipse  morning 
Mrs.  Curtis  and  the  writer  were  the  only  outsiders  left  in 
C^artwright.  The  "  Virginia  Lake "  was  so  delayed  by  fog 
and  stormy  weather  that  it  was  sixteen  days  after  the  eclipse, 
on  September  15th,  before  we  finally  left  Cartwright.  The 
first  snow  of  the  winter  was  then  lying  on  its  hills. 

The  limits  of  a  scientific  article  forbid  more  than  a  mention 
of  the  novel  and  interesting  features  of  life  on  the  Labrador, 
the  packs  of  wolfish  Eskimo  dogs,  the  simple  "  liveyeres '' 
with  their  soft  and  pleasant  speech  in  the  quaint  dialect  of 
Devon,  the  sturdy  fishermen  from  Newfoundland,  and  the 
g:reat  work  which  Dr.  Grenfell  is  doing  for  his  chosen  people 
on  this  cruel  coast.  Of  all  these  and  of  the  workings  of  the 
g^reat  two-hundred-year-old  Company,  whose  history  is  that 
of  the  whole  Northland,  we  saw  and  learned  much,  and  closed 
our  two  months'  sojourn  with  nothing  but  regret  at  leaving 
tlie  pleasant  associations  formed  while  on  the  Labrador. 


VARIABLE    SPOTS    ON    THE    IMOON 

By  W.  H.  Pickering. 


In  number  104  of  these  Publications  (p.  149)  a  paper  is 
published  under  the  above  title.  The  author  apparently  does 
not  recognize  the  fact  that  excepting  in  the  case  of  specular 
reflection  the  angles  of  incidence  and  of  reflection  are  usually 
unequal.  The  variable  spots  upon  the  Moon  which  have  been 
most  carefully  studied  are  those  of  Eratosthenes  and  Alphonsus, 
both  of  which  are  near  the  center  of  the  disk.    The  line  of  sight 
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is  therefore  nearly  perpendicular  to  the  reflecting  surface  un- 
der all  circumstances,  and  the  angle  of  reflection  is  zero.  The 
angle  of  incidence,  on  the  other  hand,  varies  with  the  phase 
of  the  Moon,  and  it  is  necessary  to  explain  the  following  facts : 
First,  when  the  Sun  is  just  rising  on  these  craters,  and  for  a 
day  or  two  later,  when  the  angle  of  incidence  is  still  large,  but 
little  contrast  is  shown  on  the  surface.  Second,  when  the 
Moon  is  full,  and  the  angle  of  incidence  is  reduced  to  zero,  the 
variable  spots  become  conspicuously  dark,  and  the  contrast 
between  them  and  the  rest  of  the  surface  is  strongly  marked. 

If  your  correspondent  will  take  the  piece  of  white  card- 
board with  the  pieces  of  black  paper  pasted  on  it,  to  which  he 
refers,  and  place  it  in  the  darkened  room  so  that  its  surface 
shall  be  perpendicular  to  his  line  of  sight,  he  will  then  be  able 
to  repeat  his  experiment  under  proper  conditions.  He  must 
now  show,  first,  that  when  the  angle  of  incidence  is  small,  ami 
the  ray  of  light  is  nearly  perpendicular  to  the  surface,  the  con- 
trast between  the  paper  and  cardboard  is  strongly  marked. 
Second,  without  altering  his  own  position  or  moving  the  card- 
board he  must  change  the  direction  of  the  light  so  that  it  shall 
strike  -the  cardboard  obliquely,  and  he  must  now  show  that  the 
contrast  between  the  cardboard  and  black  paper  has  di.sap- 
peared.  If  he  succeeds,  he  will  doubtless  let  us  know,  and  ho 
will  then  have  furnished  a  novel  solution  to  a  very  difficult 
problem  in  selenography. 

Your  correspondent  further  explains  the  fact  that  a  given 
region  near  the  terminator  is  darker  than  the  same  region  at 
full  moon,  by  the  i)resence  of  the  shadows  due  to  irregularities 
of  the  lunar  surface.  While  the  shadows  produce  a  certain 
limited  effect  in  this  direction,  the  main  reason  of  the  difference 
oi  brightness  is  due  to  the  variation  of  the  angle  of  incidence. 
At  full  Moon  the  region  is  more  brightly  illuminated.  This 
experiment  your  correspondent  can  also  try  for  himself  with 
a  smooth  ball. 

October  27,  1905. 
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pLAN'ETARY    PHENOiMENA    FOR    JANUARY    AND 
FEBRUARY.    1906. 

Bv  Malcolm  McNeill. 


First  Quarter,  Jan.  a,  6*; 
Full  Moon,  "  lo,  S  3 
l.ast  Quarter.  "  17,  13  4 
p.New  Moon,        "    24,    9 


I   First  Quarter,  Feb. 
j   Full  Moon,  " 

Last  Quarter,      "      1 


The  Earth  is  in  perihedion  on  the  morning  of  January  31I. 

The  first  of  the  five  eclipses  of  the  year  will  occur  on  the 
night  of  February  S-gih,  and  will  be  a  total  echpse  of  the  Moon. 
■  It  will  he  visible  throughout  the  United  States.  The  times  of 
[he  principal  circumstances  are  as  follows  (Pacific  time): — 


Moon  enters  penumbra, 

February  8, 

8 

54 

Moon  enters  shadow, 

February  8. 

y 

57 

Total  eclipse  begins. 

February  8, 

58 

Middle  of  the  eclipse. 

February  8, 

II 

47 

Total  eclipse  ends, 

February  9. 

12 

3''^ 

Moon  leaves  shadow. 

February  9. 

1 

37 

Moon  leaves  penumbra,     February  9,     2    40     a.  m. 

The  second  eclipse  will  be  a  partial  eclipse  of  the  Sun  on 

*%he  night  of  February  22-23d,  Pacific  time,  and  will  therefore 

not  be  seen  in  the  United  States.     The  region  of  visibility  is 

the  part  of  the  Earth  near  the  south  pole,  and  in  one  place  it 

extends  far  enough  north  to  include  a  part  of  southern  Aus- 

_ttalia. 

Mercury  is  a  morning  star  on  January  ist,  rising  about  an 

lOur  and  three  ([uarters  before  sunrise,  and  the  interval  is  more 

■wian  an  hour  until  well  after  the  middle  of  the  month.     It  is 

BlJierefore  in  good  position  for  observation  in  the  morning  twi- 

ight.    It  reaches  greatest  west  elongation  on  the  afternoon  of 

January  4th,  and  then  begins  slowly  lo  approach   the   Sun. 

■Teaching   superior   conjunction   on    February    20lh.      It   now 

icomes  an  evening;  star,  and  moves  somewhat  rapidly  away 

I  the  San.  but  it  is  still  ton  close  for  naked-eye  observa- 

s  a(  the  end  of  the  month. 
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Venus  is  also  a  morning  star,  rising  less  than  an  hour  before 
sunrise  on  January  ist.  Although  it  is  much  nearer  the  Sun 
than  Mercury,  it  may  be  possible  to  see  it  in  the  morning  twi- 
light, on  account  of  its  great  brightness,  for  a  few  days  in  early 
January;  but  its  distance  from  the  Sun  is  diminishing,  and  it 
reaches  superior  conjunction  on  the  morning  of  February  14th. 
It  is  after  this  an  evening  star  until  November  29th,  but  will 
not  move  far  enough  away  from  the  Sun  to  be  seen  in  the 
evening  twilight  until  after  the  middle  of  March.  Several 
interesting  conjunctions  of  Mercury  and  Venus  wnth  each 
other  and  with  other  planets  occur  during  January  and  Feb- 
ruary, but  most  of  them  come  when  the  planets  are  too  near 
the  Sun  for  naked-eye  observations.  Venus  and  Mercury  are 
in  close  conjunction  with  Uranus  on  January  5th  (distance 
0°  6'),  and  on  January  i6th  (distance  o*"  19'),  respectively. 
On  February  22d  Venus  is  in  conjunction  with  Saturn  (dis- 
tance 0°  7'),  Mercury  with  Saturn  (distance  0°  17'),  and 
Venus  with  Mercury  (distance  0°  22').  They  are  at  this  date 
all  evening  stars,  but  are  entirely  too  near  the  Sun  to  be  seen. 

Mars  during  January  and  February  remains  an  evening 
star,  setting  at  about  9  p.  m.  local  mean  time.  This  time 
changes  scarcely  at  all  during  the  period,  being  9 105  on  Jan- 
uary 1st,  and  8:58  on  February  28th.  The  apparent  distance 
of  the  planet  from  the  Sun  diminishes  about  20*^  during  the 
jcriod,  owing  to  the  more  rapid  eastward  motion  of  the  Sun. 
but  the  planet  is  moving  near  a  part  of  the  ecliptic  considerably 
north  of  the  Sun's  position,  almost  15°  at  the  end  of  February, 
and  this  materially  retards  its  time  of  setting.  Its  actual  dis- 
tance from  the  Earth  is  still  increasing  somewhat  rapidly,  and 
in  the  middle  of  February  is  just  about  twice  the  mean  distance 
of  the  Earth  from  the  Sun.  It  is  also  growing  fainter,  but 
there  will  be  no  difficulty  in  identifying  it. 

Jupiter  on  January  ist  is  above  the  horizon  until  after  4 
A.  M.,  and  on  February  28th  it  sets  at  about  midnight.  It  is  in 
the  constellation  Taurus  about  5°  south  of  the  Pleiades  group, 
moves  westward  a  little  less  than  i*^  until  January  21st,  and 
then  moves  eastward  about  2°  30'  by  the  end  of  February. 

Saturn  is  still  an  evening  star  on  January  ist,  setting  at 
8:40  p.  ^r..  local  mean  time,  being  about  4°  west  of  Mars  on 
this  date,  but  its  comparatively  slow  motion  among  the  stars 
allows  the  Sun  to  rapidly  approach  it.    On  February  ist  it  sets 
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only  two  hours  after  sunset,  and  it  comes  to  conjunction  with 
the  Sun  on  February  24th.  It  is  in  the  constellation  Aquarius, 
a  region  rather  barren  of  bright  stars,  and  moves  6°  eastward 
and  3*^  northward  during  the  month.  As  seen  in  the  telescope 
in  early  January  the  ratio  of  major  to  minor  axis  of  the  rings 
is  about  6  to  I.  This  will  change  to  about  19  to  i  by  June,  and 
then  increase  slightly  until  the  end  of  the  year.  Next  year  the 
Earth  will  pass  through  the  plane  of  the  rings  and  they  will  be 
seen  edgewise. 

Uranus  is  a  morning  star,  having  passed  conjunction  with 
the  Sun  in  December,  and  is  too  near  the  Sun  to  be  seen  until 
late  in  February.  At  the  end  of  February  it  rises  about  three 
hours  before  sunrise.  It  moves  about  3°  eastward  in  the  con- 
stellation Sagittarius  and  is  a  little  north  of  the  group  known 
as  "the  milk  dipper." 

Neptune  passed  opposition  with  the  Sun  late  in  December, 
and  is  above  the  horizon  nearly  the  entire  night  in  early  Jan- 
uary.   It  is  in  the  western  part  of  the  constellation  Gemini, 


NOTES   FROM    PACIFIC   COAST   OBSERVATORIES. 

N'(JTIi    crN     TUL     F]\li-K()IJT     KEFLLCTINU     TiCLESCOI'E     OK     THJ 
SULAK    ObSERVATORV. 

The  five-fool  rcHecting  telescope,  work  on  which  was  begi 
in  i8y7  at  the  Verkfs  Observatory,  is  now  being  complcteit 
and  will  be  erected  on  the  summit  of  Mt.  Wilson,  where  it  will 
form  a  part  of  the  equipment  of  the  Solar  Observatory  of  tin 
Carnegie  Institution.  About  one  year's  work  was  done  on  tl 
five-foot  mirror  by  the  writer,  while  at  the  Yerkes  Observator) 
and  much  lime  was  spent  there  upon  the  design  of  ihe  mount 
ing  for  the  instrument.  .An  account  of  this  work,  so  far  a 
had  progressed  at  the  Yerkes  Observatory,  will  be  found  ii 
SviUhsoiiian  Coiilributiotis  to  Knojvledgc,  Vol,  XXXIV, 

In  April  of  this  year  the  five-foot  mirror  and  its  grindin] 
and  polishing  machine  were  brought  to  Pasadena.  The  mirro 
was  protected  from  jar  during  transportation  by  an  efTectivf 
system  of  cushions  and  spiral  springs,  in  connection  with  thre 
boxes  or  cases,  used  one  outside  of  another.  The  long 
road  journey  from  Williams  Bay  to  Pasadena  was  made  v 
out  the  slightest  injury  to  the  glass,  and  without  affecting  thi 
perfect  surface  of  revolution,  as  has  been  shown  by  optical  test 
since  its  arrival  here.  The  mirror  is  being  polished  and  figure* 
in  the  Observatory  instrument -shop  in  Pasadena,  which  ■ 
thoroughly  equipped  both  for  optical  work  on  a  large  scale  ant 
for  the  construction  of  the  metal  parts  of  the  instruments  f(W 
the  new  observatory.  As  the  instrument -shop  was  designs 
specially  for  this  work,  the  arrangement  and  construction  t 
the  rooms  of  the  optical  department  are  unusually  well-adapto 
to  secure  the  conditions  necessary  in  large  optical  work,  sud 
as  constant  temperature  and  freedom  from  dust;  very  coraplet 
facilities  are  provided  also  for  the  rigorous  testing  of  optia 
surfaces. 
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Many  of  the  metal  parts  of  the  five-foot  reflector  mountinj; 
.  much  too  large  to  be  machined  in  the  observatorj-  shoj). 
',>€  large  parts  are  being  made  bv  the  Union  Iron  Works 
iipany  of  San  Francisco ;  they  comprise  a  verv  large  propor- 
n  of  the  total  weight  of  the  moimting.  and  include  the  base 
-iuig,  in  two  sections,  the  south  and  north  bearings  for  sup- 
I   ning  the  polar  axis,  the  polar  axis,  the  float,  the  mercury 
ir-  ugh,  the  fork,  the  short  cast-iron  part  of  the  tube,  the  decli- 
I'liiiun  tnmnions,  the  ten-foot  worm-gear,  the  seven-foot  bevcl- 
.■;ir.  and  some  other  minor  parts.     The  polar  and  declination 
I.-  are  hollow  nickel-steel  forgings,  oil-tempered ;  they  were 
:^'  ilraulic-forged,  tempered,  and  rough-turned  by  the  Hethlehem 
Sied  Company,  of  Bethlehem,  Pa.,  and  are  being  finished  at  San 
Francisco  by  the  Union  Iron  Works  Company,  all  of  the  cylin- 
drical surfaces  being  ground.     It  is  expected  that  the  Union 
Iron  Works  Company  will  finish  their  part  of  this  work  in  three 
cr  four  months  from  the  present  date.    The  heavy  parts  of  the 
mounting  \vill  then  be  assembled  at  the  observatory  shop  in 
Pasadena,  where  it  will  be  nccessan.-  to  construct  a  special 
temporary  iron  building,  with  a  powerful  crane  for  the  purpose 
of  erecting  the  mounting,  as  it  seems  indispensable  that  the 
iiilrument  be  completed,  set  up.  and  thoroughly  tested  in  every 
way  before  being  taken  up  the  mountain. 

-^1  of  the  smaller  and  more  complicated  parts  of  the  mount- 
ing will  be  constructed  in  our  own  shop,  and  this  work  is 
slready  well  under  way.  These  parts  include  the  driving-clock 
and  clock  connections,,  the  motor  connections  for  quick  and 
slow  motions  in  right  ascension  and  declination,  the  skeleton 
lube  with  interchangeable  ends,  the  mirror  cells,  with  the 
'upport  systems  for  the  mirrors,  etc.  The  cutting  and  grind- 
"1^  of  the  teelh  of  the  ten-foot  worm-gear  will  also  be  done 

''fff.  G.    W.    RlTCHEY. 

SoL.^B  Obbekvatorv  Office,  Pasadena. 


The  Orbits  of  VisuAt.  Bin.^kv  St.M(S. 
In  Lxck  Observatory  Bulletin  Ko.  84  I  have  given  the  re- 
sults of  a  study  of  all  published  double-star  orbits.  This  paper 
will  be  of  interest  primarily  to  double-star  observers,  as  it  con- 
sists mainly  of  3  table  of  the  best  orbit  data  (in  my  judgment) 
of  those  stars  tor  which  fairly  satisfactory  orbits  have  been 
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computed,  and  of  notes  showing  the  agreement  of  the  predicted 
places  with  the  most  recent  available  observations. 

Some  general  statements  and  conclusions  based  upon  this 
paper  and  the  study  of  which  it  is  the  result  may. be  of  widei 
interest. 

It  appears  that  orbits  have  been  computed  (or  at  least  pub- 
lished) tor  only  ninety-one  different  binary  systems,  restricting 
this  term  to  the  visual  double  stars, — that  is,  systems  both  of 
whose  components  have  actually  been  seen  in  the  telescope. 
Many  of  these  orbits  are  based  upon  observed  arcs  so  short  or 
upon  data  of  such  doubtful  value  that  they  amount  to  no  more 
than  simple  guesses,  and  are  practically  worthless.  In  fact,  even 
by  straining  the  definition  of  the  term  pretty  badly,  I  was  only 
able  to  say  that  fifty-three  systems  had  **fairly  satisfactory'* 
orbits.  These  fifty-three  orbits  vary  widely  in  value ;  many  arc 
still  verv  uncertain,  and  of  onlv  thirtv,  or  at  most  thirtv-five. 
can  it  be  said  with  reasonable  confidence  that  future  observa- 
tions are  unlikely  to  make  necessary  any  great  change  in  the 
elements. 

The  two  double-star  systems  of  which  we  have  the  most 
knowledge  are  those  of  a  Centaiiri  and  Siriits,  our  two  nearest 
neighbors  among  the  stars;  for  not  only  do  we  possess  very 
accurate  orbits  of  these  pairs  based  upon  micrometric  measures, 
but  we  also  have  relatively  very  exact  values  of  the  parallax 
of  these  two  stars. 

So  far  as  accurate  orbits  are  concerned,  our  knowledge  of 
several  other  systems — e.  g.  $  Urs(€  Majoris,  42  Comw 
Berenices,  k  Pegasi,  and  h  Equulci — is  also  very  satisfactory, 
and  good  observations  for  the  next  ten  years  will  make  it  pas- 
sible to  say  the  same  of  nearly  all  the  shorter-period  binaries 
given  in  my  list.  When  it  comes  to  the  orbits  with  periods  of 
one  hundred  years  or  more,  we  must,  for  the  most  part,  be 
content  with  a  much  slower  rate  of  progress,  and  many  of  the 
long-period  orbits  must  remain  uncertain  for  one  or  more 
centuries. 

Nor  can  we  hope  to  make  many  additions  to  our  list  from 
the  binaries  in  the  2  and  02  catalogues  for  which  no  orbits  have 
as  yet  been  computed.  In  general  these  binaries  have  long 
periods,  and  the  observed  arcs  are  still  very  short,  and  nothing 
is  more  clearly  demonstrated  by  the  orbits  hitherto  published 
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than  the  futility  of  Irving  to  determine  a  good  double-star  orbit 

from  a  short  observed  arc.     It  is  seldom  indeed  that  observa- 

\  covering  an  arc  of  less  than   180^   will  yield  a  reliabli- 

I  orbit,  and  it  is  safe  to  say  that  for  most  double  stars  an  ob- 

l-^rved  arc  of  at  least  three  quadrants  is  necessary. 

The  number  of  weli-deiermined  binary-star  orbits  will  be 

■increased  most  rapidly  by  careful  and  systematic  observations 

ai  the  stars  that  have  already  shown  considerable  motion, — 

lespccially  such  pairs  as  ^80,  ^  513,  ^648,  Ho  212  etc. — and  of 

|lhe  very  close  pairs  of  more  recent  discovery. 

November  6.  1905.  K-  '^-  AlTKES. 


Ubshrvations  of  the  Eclipses  of  Satukns  Satellites. 
More  than  a  year  ago  Professor  Hermann  Stkuve  called 
ttention*  to  the  "cycle  of  eclipses  and  other  phenomena  of  the 
Htellites  of  Saiurii"  which  began  in  1904  and  wi!l  extend  over 
[he  next  three  years,  but  I  have  seen,  so  far.  no  published  record 
bf  any  observations  of  these  eclipses.  The  following  data  may 
ftierefore  be  of  interest: — 

1905.  Oct.  18;  36-inch  telescope,  power  350.  Reappear- 
tfice  of  Eiiceladus  from  eclipse  noted  at  \^^  i(>'°  40"  G.  M.  T. 
predicted  time.*  15''  15™  G.  M.  T, 

The  time  was  noted  when  the  satellite  was  seen  with  cer- 
tatnt}'.  It  was  suspected  nearly  2"  earlier.  The  sky  back- 
ground was  good,  but  the  seeing  only  fair,  the  images  blurring 
.badly  at  times. 

1905,  Oct.  26:  36-inch  telescope,  power  350.  Reappearance 
)bi  Tcthys  noted  at  15"  30"  2i"  G,  M.  T,  Predicted  lime,* 
in"  29"  G.  M.  T. 

Tethys  was  dimly  seen  for  5"  before  the  lime  noted.    Ob- 
eying conditions  about  as  on  Oct.  18. 

1905,  Nov.  10;  3(Vinch  telescope,  power  350.     Reappear- 
ice  of  Tethys  noted  at  iS"-  s""  '7"  G-  M.  T.     Predicted  time.* 
^8"  4°  G.  M.  T. 

The  planet  was  low  in  the  sky  at  the  time  of  observation, 
i  the  seeing  not  very  good.  The  time  noted  is  the  instant  the 
ratellite  was  dimly  seen. 

On  October  28th,  and  again  on  November  14th,  I  tried  to 

..  -Va/.  I/.  A.  S..  Vol.  I.XIV.  p.  B13,  a  scq,  ifn. 
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observe  the  reappearance  of  Mimas  with  the  36-inch,  but  the 
seeing  was  poor  on  both  nights,  and  the  satellite  was  not  seen. 
The  search  on  each  night  was  continued  nearly  10™  after  the 
predicted  time  of  reappearance. 

An  attempt  was  also  made  on  November  nth  to  observe 
the  reappearance  of  Tcthys  with  the  12-inch  telescope.  The 
seeing  was  very  poor,  and  the  satellite  was  first  seen  at  15*^ 
26°*  9"  G.  M.  T.,  the  predicted  time  of  reappearance  being  15*^ 
23™.  From  this  it  appears  that  the  satellite  was  well  out  of 
the  shadow  of  the  planet  before  it  was  obser\'ed. 

These  observations  indicate  that  there  is  no  difficultv  in 
observing  the  eclipses  of  any  of  the  satellites  of  Saturn,  except 
Mimas,  with  a  large  telescope.  Under  good  conditions  it 
would  also  seem  probable  that  the  eclipses  of  Mimas  could  be 
observed  with  the  36-inch  telescope  and  those  of  Tethys  witl: 

the    I2.inch.  R     G.   AlTKEN. 

Xovember  20,  1905. 

Return  of  the  Crocker  Eclipse  Expeditions  from  the 

Lick  Observatory. 

The  members  of  the  three  expeditions  sent  out  by  the  Lick 
(Jbscrvatory  to  observe  the  solar  eclipse  of  August  29-30,  1905, 
have  all  reached  home  safelv.  Professor  and  Mrs.  Hussev, 
of  the  expedition  to  Egypt,  arrived  at  Ann  Arbor,  Michigan, 
early  in  October,  and  Professor  Hussey  at  once  entered  upon 
the  duties  of  his  new  position  there. 

Dr.  and  Mrs.  H.  D.  Curtis,  of  the  expedition  to  Labrador, 
arrived  at  Mt.  Hamilton  on  October  19th,  and  the  members 
of  the  expedition  to  Spain,  Director  and  Mrs.  Campbell  and 
Dr.  and  Mrs.  Perrine,  arrived  on  November  22d  and  Novem- 
ber 20th,  respectively. 

Dr.  Curtis's  account  of  work  at  the  Labrador  Station  will 
be  found  on  another  page.  Accounts  of  the  other  two  expedi- 
tions will  follow  in  our  next  number.  t^   ^    * 

R.  G.  A. 

Variable  Asteroid  (167)  Urda. 

The  asteroid  discovered  August  23d  by  Professor  Max 
Wolf,  and  designated  1905  QY,  on  the  assumption  that  it  was 
new,  was  found  by  Dr.  Palisa  to  be  variable  and  very  likely 
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identical  with  the  known  asteroid  (167)  Urda,  though  about  a 
degree  of  arc  from  the  predicted  place  of  Urda.  The  estimates 
of  magnitude  were: — 


m 


Berliner  Jahrbuch,  Urda  at  opposition 12.9 

Wolf,     1905  QY,  August    23 1 1.3 

Palisa,   1905  QY,  August    31 i  i.o 

Palisa,  1905  QY,  September  5 12.0 

In  a  letter  to  the  central  bureau  at  Kiel,  August  28th,  Pro- 
fessor A.  Berbericu  practically  established  the  identity  by 
pointing  out  that  in  previous  apparitions  of  Urda  the  magni- 
tude has  frequently  been  estimated  from  a  half  to  a  whole 
magnitude  brighter  than  the  value  assigned  by  the  Jahrbuch. 

A  short  search  was  made  here  September  6th  and  7th, 
111  smoke  and  moonlight,  without  success,  owing  to  the  south- 
ern declination  of  the  asteroid  and  to  the  roughness  of  the 
position  data.  An  approximate  ephemeris,  computed  by  Pro- 
lessor  Berberich,  was  received  several  weeks  later,  and  the 
asteroid  was  readily  picked  up  October  6th. 

The  following  micrometer  measures  of  position  were  made 
with  the  12-inch  refractor  (/  denoting  Aa  measures  made  by 
transits)  : — 

i  Number  (167)—*  (167)3  Apparent  loR^A 

|LH.  M.  T.  1905.      Star.  Compar-       Aa  AJ  a  8  a  £ 

l»      m     a  isODS.  s  ^      ^^  h     ni        «  o      -»       -»-» 

kt 6,  120752  2     6,   10  4-10.49—725.0  221033.37  —II  1005.8  9.524  0.791 

12.    95121  3fli6/,io  —36.82—344.1  220934  38  —II  1959.4  9.133  0815 

19,103857  3^  6  —9  II. 3  —II  25  26  8  0.798 

19.  10  54  52  3^  10/  — 42.40  22  09  28.72  9.481 

MEAN    PLACES  OF  COMPARISON  STARS   FOR   1905.O. 

Red.  to  4  Red.  to  a. .»!,«..:.„  «.^ 

App.  Place.  *  App.  Place.  Authority,  etc. 

h      m        s  s  o      ^       ^^  ^^ 

221139.80    +2.68    —10  59  31.4    +18.8     M  (2  Paris  31795  +  Ml  30578). 
221020.20     +2.68     — II  02  59.6     +18.8     BD.  —  11°.  5788.    MIcrometerconnect'nwith  (1). 

r  22  1008.60    +2.60    —II  1633.6    +18.3     BD.  — ii°.5786.  **  "  (2). 

•  221008.60     +2.52    — II  1633.6    +  18.1     BD.  — ii'.5786. 

Magnitude  measures  were  made  with  the  Rum  ford  wedge 
photometer  on  three  nights.  On  each  occasion  the  comparison 
stars  were  BD.  —  ii''.5786  and  —  ii^.^ySy.  These  two  were 
carefully  compared,  on  five  nights,  with  BD.  —  ii°.^yyy,  which 
is  given  as  7.36  magnitude  in  the  Harvard  Photometric  Dnrch- 
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WHStcriing,     The  adopted  magnitudes  are  10.19  ^^^  9-84'  ^'  I 
spectively. 

Settinf^fion  Rough  Position  of  ( 167) 

G.M.T.  X905.    (167)     (167)  a      (1905.0).      J  Remarks. 

d  III  li    in      s  o         '  m 

Oct.  20.70    16    13.43    220932    — II  25.9    Faint  *,  14.4  ±,  20"  west 
21.79    16    13-42    220937    — II  25.9    Good  conditions. 
23.69    16    13.21     220954    — II  26.0        *•  '* 

Xovembcr  25,   1905.  JamES    D.    MaDDRILL 

Nova  Aqu/l^,  No.  2. 

Nora  Aqnihv  continues  to  decline  in  magnitude,  at  a  rate, 
however,  only  about  half  a^^  rapid  as  during  September,  or 
about  half  a  magnitude  per  month. 

Occasional  measures  have  been  made  with  the  Rumford 
wedge  photometer,  continuing  the  series  published  in  the  Oc- 
tober number.  The  fainter  comparison  stars  /,  g,  and  h  have 
not  yet  been  used,  and  may  not  be  required  this  year  in  photo- 
metric determinations.  The  star  .r  is  2'  2y"  south  of,  and  ii'.o 
preceding,  Xora,  Its  magnitude  from  a  single  measure  (three 
settings)  is  11.83. 


G.  M.  T. 

1905. 

Setting^ 
on  J\'ova. 

Compari- 
son Stars. 

.Vina. 

m 

Weight. 

Remarks. 

Oct.   3.66 

16 

lie 

III 

11.04 

4 

.Moon. 

4.()() 

14 

d 

11.27 

3 

Moon  shining  on  objaljvt 

12.71 

•     • 

K) 

•    ■   •    • 

•     • 

Usual  brightness. 

20.()5 

20 

dc 

11.41 

Good  conditions. 

23.^>5 

20 

dc 

11.31 

5 

Good  conditions. 

Nov.  2.63 

12 

dc 

11.68 

3 

Moon. 

14.61 

12 

dc 

11.68 

3 

Fair  conditions. 

20.62 

■     • 

(  dcx  ) 

1 1.8 

I 

Estimate  :  </  5  ^  4 1- ;  ri  m 

24/>5 

20 

(/(' 

IT.90 

2 

Clouds. 

25.61 

16 

(/.• 

11.88 

4 

Good  conditions. 

Xovcn 

iihcr  2/,  1 

KXIJ. 

James  D.  MAnnRu.L. 

More  New  Companions  to  Known  Double  Stars. 

In  the  beginning  of  the  systematic  survey  of  the  northern 
sky  for  new  double  stars  I  was  disposed  to  pass  with  a  purely 
perfunctory  examination  those  stars  already  catalogued  as 
double ;  but  it  soon  became  api)arent  that  the  S  stars  and  those 
in  the  other  older  catalogues  yielded  nearly  as  large  a  percent- 
age of  new  doubles  as  did  the  stars  previously  regarded  a^^ 
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ingle.  Usually  the  new  pairs  are  so  difficult  that  only  a  first- 
:lass  modem  telescope  will  reveal  them;  hence  the  fact  that 
.he  earlier  observers  overlooked  them  is  in  no  sense  a  reflection 
either  upon  their  thoroughness  or  upon  their  keenness  of  vision. 
The  companions,  which  I  have  recently  discovered,  to 
the  pairs  2614,  2625,  22510,  A  1492,  and  A  2082  are  good 
examples  of  this  class  of  objects,  the  new  companions  to 
2614  and  22510  especially  being  very  difficult  to  measure. 
The  results  of  mv  observations  are  as  follows : — 

2614. 

A  and  B.     New. 
1905.78         120 ''.5        o".22        9.2  —  9.2        3°  36-inch. 

AB  and  C  =  2. 
1905.78  68''. 2        4".ii        8.5  —  9.2        2°  36-inch. 

2625. 

B  and  C.     New. 
1905.84        226'' .8        o".34        9.7 — 10.5        2°  36-inch. 

A  and  BC  =  2. 

1905.81  II5^9        4".73        8.5—   9.3         1°  36-inch. 

2  2510. 

B  and  C.     New. 
1905.66        i95°.o        o".25        8.7  —  9.7        4°  36-inch. 

A  and  BC  =  2. 
1905.63        180^8        8".66        8.5  —  8.5        1°  36-inch. 

h  1492. 

B  and  C.    New. 

190573        i75''-i        o"-32        9.7— lo.i        3"  36-inch. 

A  and  BC  =  //. 
1905.68  54°.9       i8".20        9.0  —  9.2  I"  36-inch. 

h  2082. 

A  and  B.     Xcw. 

1905.82  ii8'^.2        o".38        9.2  —  9.7  3"  36-inch. 

AB  and  C  =  /i 
1905.80        125°. 5       i6".09        8.7—10.0         1"  36-inch. 


1 94  Publications  of  the 

The  three  Struve  pairs  have  shown  no  motion  since  thcir 
discovery,  and  the  Herschel  pairs  are  too  wide  to  be  of  interest 
as  double  stars.  t^    /-     * 

R.   G.   AlTKEN. 
November  20,  1905. 

Comet  h  1905  (Schaer). 

The  second  comet  of  the  year  1905  was  discovered  by 
Schaer  at  Genoa  the  evening  of  November  17th.  At  the 
time  of  discovery  it  was  within  four  degrees  of  the  north 
pole.  It  has  since  moved  south  ver}'  rapidly,  and  crossed  tlie 
equator  on  the  3d  of  December.  The  rapidity  of  this  ap- 
parent motion  was  due  principally  to  the  fact  that  the  comet 
was  quite  close  to  the  Earth.  At  the  time  of  discovery  the 
comet  was  about  twenty  million  miles  away,  less  than  one 
fourth  of  the  distance  of  the  Sun.  Its  nearest  approach  to 
the  Sun  was  October  25th,  when  the  distance  was  one  hundred 
million  miles. 

Since  discovery  the  comet  has  been  receding  from  lx)th 
the  Earth  and  the  Sun,  and  is  becoming  rapidly  fainter.  Dur- 
ing December  it  will  move  southward  through  Aquarius. 

The  following  elements  of  the  orbit  of  this  comet  were 
derived  by  Mr.  A.  J.  CiiAMrREUX  and  myself  from  three 
observations  made  at  the  Lick  Observator}-  on  the  18th,  21st, 
and  25th  of  November;  the  first  two  by  Aitken,  the  last  by 
Smith.  The  method  used  is  Professor  Leuschner's  "short 
method." 

elements. 

T  =  igo5  October  25.02430 
CO  zz:  132°  0/  26".8  1 

Q  =1   223   04  08  .3  ^  1905.0 
I  =  140   27  14  .0  j 
<^=:  74   41   13 

log  a  =1  0.020856 

log  e  —  9.984301 

q  —  1. 049195 

log/i=  1.344119 
Periods  irK).6526 years 

An  attempt  was  made  to  pass  a  parabola  through  the  three 
positions.     The  computations  were  made  so  as  to  repre.sent 
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the  three  right  ascensions  and  the  second  and  third  declinations. 
The  resulting  orbit  left  a  residual  in  the  first  declination  of 
—  38'  25".  This  residual  being  so  large,  the  computations 
were  then  made  without  hypothesis  regarding  the  eccentricity, 
resulting  in  the  foregoing  elements. 

It  may  be  of  interest  to  computers  to  know  that,  by  means 
of  the  "short  method,"  within  two  hours  after  the  residual 
from  the  parabola  was  determined,  the  general  orbit  (includ- 
ing the  constants  for  the  equator)  given  above,  and  the  rep- 
resentation of  the  observations  was  finished. 

The  constants  for  the  equator  1905.0  and  an  ephemeris 

extending  to  December  29th  are  given  in  Lick  Observatory 

Bulletin  No.  86. 

Russell  Tracy  Crawford. 

Berkeley  Astronomical  Department,  Dec.  6,  1905. 


GENERAL    NOTES. 


Distance  of   the  Sim, — In    The  Obsenvtory   for  October 
Mr.  A.  R.  HiNKS  has  a  very  interesting  and  readable  article 
on  **  New  Measurements  of  the  Distance  of  the  Sun.'*    Some 
time  ago  Mr.  Hinks  published  the  results  of  a  determination 
of  the  solar  parallax  from  a  number  of  plates  taken  at  various 
observatories  during  the  Eros  campaign.     The  value  of  the 
parallax  derived,  8".797,  compares  very  favorably  with  thai 
found  at  the  Cape  of  Good   Hope,  8".8o2,   from  heliometcr 
observations   upon   l^ictoria,   Iris,  and  Sappho.     Mr.   Hinks 
calls  attention  to  the  fact  that  these  values  of  the  solar  parallax 
do  not  agree  very  well  with  the  latest  determinations  of  the 
constant  of  aberration.    It  was  pointed  out  in  No.  102  of  these 
Publications  that   the   latest  determination  of  the  aberration 
constant,  by  Professor  Doolittle,  from  over  15,000  observa- 
tions, is  2o".54.    A  simple  relation  exists  between  the  solar 
parallax  and  the  constant  of  aberration,  so  that  if  one  is  given 
the  other  may  be  easily  computed.    The  following  table  shows 
corresponding  values  of  these  two  constants: — 

Ab.  "^ 

2o".46  8".8o8 


.48 
•50 
•52 

•54 


799 
790 

782 

773 
764 


It  will  be  seen  from  this  table  that  if  we  adopt  Doolittlf;s 
value  of  the  constant  of  aberration,  or  the  value  determined 
by  Dr.  Chandler,  20". 52,  the  corresponding  value  of  the 
solar  parallax  will  be  considerably  less  than  that  given  by  the 
latest  and  most  refined  determinations  by  means  of  direct 
methods. 

Mr.  Hinks  foresees  a  passible  conflict  between  the  direct 
and  indirect  methods  of  determining  the  solar  parallax.  Con- 
cerning this  he  says : — 

"Suppose  that  in  the  course  of  time  there  should  come  to  be  a  clear 
and  definite  agreement  among  the  values  found  for  the  constant  of  the 
aberration  of  light,  and  that  its  value  was   (let  us  say)   2o".S4,  corre- 
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spunuiiig,  as  this  table  shows,  to  a  parallax  of  8".77,  not  8" .80,  on  the 
assumption  at  least  that  the  velocity  of  light  is  exactly  determined,  as 
it  <cems  to  be,  and  that  the  simple  theory  of  aberration  is  correct. 

*'And  suppose  that  by  that  time  we  are  prepared  to  say  quite  defi- 
nitely that  the  geometrical  value  is  not  8".77  but  8".8o.  The  most 
(►hvious  solution  of  the  difficulty  would  be  to  conclude  that  the  simple 
thenrj'  of  aberration  is  not  true,  and  to  hand  over  the  problem  to  the 
mathematical  physicists,  who  might  in  the  result  find  that  a  definite 
geometrical  determination  of  the  solar  parallax  had  provided  just  the 
criterion  which  they  required  to  settle  certain  vexed  questions  in 
dynamics. 

"Again,  should  further  investigation  confirm  the  conclusion  that 
8". 76  is  the  only  value  of  the  solar  parallax  which  will  reconcile  the 
existing  theory  of  the  motion  of  the  planet  with  the  observed  value  of 
the  constant  of  gravitation,  it  may  be  that  the  contradiction  between 
the  direct  and  the  indirect  methods  will  at  last  enable  the  dynamical 
astronomers  to  lay  a  finger  upon  that  flaw  which  exists  somewhere  or 
other  in  the  theory,  and  makes  it  impossible  to  say  at  the  present  time 
that  all  the  motions  of  the  solar  system  can  be  completely  explained." 

S.  D.  T. 


nine  Spcciro^raphischc  Bestimmun^  dcr  Sonncnparallaxc, 
Ton  F.  KusTNER  (Astronomisc/tc  Nachrichten,  Nr.  4048-49, 
Bd,  169). — In  order  to  measure  the  radial  velocity  of  a  star 
with  reference  to  the  sidereal  svstem  it  is  necessary  to  eliminate 
that  of  the  observer.  We  may  look  upon  the  observer's  velocity 
as  dii^  to  (i)  the  rotation  of  the  Earth,  (2)  the  revolution  of 
the  Earth  and  Moon  about  their  center  of  mass,  (3)  the  revo- 
lution of  the  Earth  about  the  Sun.  (4)  the  motion  of  the  solar 
system  in  space.  Of  these  the  first  is  easily  and  accurately 
determined.  The  second  is  small  enough  to  be  in  general 
negligible.  The  third  requires  a  knowledge  of  the  Earth's 
orbital  velocity,  which  in  turn  depends  upon  the  solar  parallax, 
the  value  of  which  is  probably  not  correct  to  within  one  fourth 
of  one  per  cent.  The  fourth  is  not  known  with  sufficient  ac- 
curacy to  justify  its  use. 

From  measures  of  the  radial  velocities,  with  reference  to 
the  Sun.  of  a  number  of  stars  distributed  on  all  sides  of  our 
system  it  will  be  possible  to  determine  (4).  Siinilarly  from 
observations  of  the  stars  themselves  wc  may  obtain  (3).  It 
will  be  seen  that  by  measuring  the  radial  velocity  of  a  star 
when  the  Earth  is  in  a  given  position  in  its  orbit,  and  then 
repeating  the  measure  six  months  later,  we  can  determine  the 
Earth's  orbital  velocity,  and  hence  the  parallax  of  the  Sun. 
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While  the  method  has  undoubtedly  occurred  to  many  inter- 
ested in  line-of-sight  work,  and  the  possibility  of  its  use  has 
been  suggested  by  Professor  Campbell  in  his  article  in 
Astronomy  and  Astrophysics  (Vol.  XI,  p.  319,  1892.),  the 
present  application  of  it  is  the  first  published  so  far  as  tht 
reviewer  knows. 

In  determinations  of  the  Earth's  orbital  velocity  it  is  ad- 
vantageous  to  select  a  star  near  the  ecliptic  in  order  that  the 
radial  component  of  the  Earth's  velocity  be  as  large  as  possible. 
Arctnrus  was  chosen  in  the  present  case,  and  a  series  of  eigh- 
teen plates  of  this  star  was  taken  with  the  spectrograph  at 
Bonn,  in  June,  July,  December,  and  January,  1904-1905.  -These 
spectrograms  were  carefully  measured,  selecting  sixteen  of  the 
best  lines  on  each  plate.  The  probable  error  of  the  measure 
of  a  plate  is  0.22^™. 

The  velocity  of  Arctnrus  relative  to  the  Sun  obtained  from 
eighteen  plates  was 

y  =  —  4.83  ±1  0.27*^™.     Epoch  1904.8. 

The  Earth's  orbital  velocity  G  =  29.617  ±:  0.057^™,  and  hence 
the   solar  parallax  p  =  8".844  it  0.017.     As   the   results  for 
the  Earth's  orbital  velocity  are  relative,  any  error  due  to  errors 
of  wave-length  is  eliminated  by  using  the  same  lines  on  even* 
plate.     This,  of  course,  is  not  true  for  the  absolute  velocity 
of  Arctnrus,  and  hence  the  comparatively  large  probable  error 
in   l\     A  change  in   G  of  — 0.100*''"  produces  a  change  in 
/>   of   +  o".0296,   which   shows   to   what  accuracy   one   must 
determine  the  orbital  velocity  of  the  Earth  spectroscopically. 
In  fact,  Professor  Kustner  does  not  regard  the  above  deter- 
mination of  the  solar  parallax  as  of  any  value  in  itself,  but 
rather  as  indicating  the  possibility  in  the  future  of  determining 
this  constant  from  spectroscopic  measures.     The  method  pos- 
sesses some  advantages  over  the  older  ones.    Systematic  errors, 
which  in  the  other  methods  are  difficult  to  eliminate,  need  not 
be  feared  so  much  here,  since  the  measures  are  relative.    Also 
we  may  extend  the  series  of  observations  as  much  as  we  please, 
so  that  we  arc  not  confined  to  short  intervals  as  in  the  case 
of  planet  oppasitions  or  transit  of  Fen  us  observations.     It  will, 
however,  be  necessary  to  use  a  number  of  stars  in  order  to 
eliminate  errors  which  might  arise  from  small  variations  in 
the  stars  velocity  due  to  its  being  a  binary.    The  suggestion  i? 
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made  that  observatories  could  co-operate  in  this  work  and 
use  the  standard  velocity-stars  already  available  for  this 
purpose. 

While  Professor  Kustner  may  be  a  little  optimistic  in 
regard  to  the  spcctrographic  determination  of  solar  parallax, 
especially  with  the  present  power  of  astronomical  spectro- 
graphs, his  paper  is  very  timely,  and  there  is  reason  to  hope 
ihat  in  the  near  future  spectroscopic  observations  of  radial 
velocity  will  reach  the  accuracy  required  to  make  such  deter- 

^uninatinns  comparable  with  those  of  the  older  methods. 

■^ J.  H.  MOOBE. 

^1  Evohition  of  the  Solar  System. — The  Astrophysical  Journal 
^■br  October  contains  an  interestmg  article  by  Professor  F.  R. 
■  Moi'LTON  under  the  title  at  ihe  heading  of  this  note.  The 
\mter  gives  a  resume  of  the  work  done  by  Professor  Chau- 
nERUN  and  himself  in  developing  the  spiral  theory  as  a  possible 
explanation  of  the  evolution  of  the  solar  system.  They  claim 
that  Lapl.ack's  nebular  hypothesis,  or  ring  theory,  is  no  longer 
ifuable,  but  in  giving  up  this  theory  we  should  not  overlook 
ihe  fact  that  Laplace  put  forth  his  theory  as  a  mere  hypothesis 
and  never  claimed  that  it  was  a  true  explanation  of  the  develop- 
ment of  the  solar  system.  Dr.  Moulton's  article  is  too  long, 
and  perhaps  too  technical,  to  be  discussed  in  these  notes.  The 
concluding  paragraphs,  however,  are  very  suggestive,  and 
may  with  profit  bt  quoted  here : — 

"While  only  abstracts  of  a  portion  of  the  discussions  have  been 
made  iti  this  paper,  enough  has  been  said  to  show  thai  ihe  spiral  theory 
is  even  now  a  good  working  hypothesis.  It  explains  all  the  phenomena 
upon  which  the  ring  theory  rested,  and  many  others  which  are  contra- 

lory  lo  ihe  ring  theory.     Nothing  has  yet  been  found  which  seems 

iously  to  question  its  validity. 

'The  spiral  theory  raises  a  whole  series  of  new  and  difficult  ques- 
celcstial  mechanics.  These  are  the  immediate  effects  of  the 
tidal  forces  which  are  developed  by  the  near  approach  of  iwo  suns, 
die  perturbations  of  the  orbits  of  matter  which  has  been  ejected  by 
one  of  iheni  under  a  variety  of  conditions,  and  the  secular  evoluiion 
of  the  orbits  of  this  ejected  material,  A  large  amotml  of  labor  will  be 
required  to  carry  ihe  discussion  of  these  questions  to  a  successful  con- 
clusion, 

"The  spiral  iheory  is  fertile  in  suggesting  new  considerations  for 

ipterprcling  ihe  immense  variety  of  special  phenomena  of  the  system. 

)  much  to  expect  that  il  may  suggest  new  questions  for 
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observational  investigation.  It  affords  geologists  new  conceptions  of 
the  early  history  of  the  Earth.  But  perhaps  its  most  interesting  con- 
tribution is  to  our  general  philosophy  of  nature.  Heretofore  we  have 
regarded  the  cosmical  processes  as  forever  aggregating  matter 
into  larger  and  still  larger  bodies,  and  dissipating  energy  more  and 
more  uniformly.  Now  we  recognize  important  tendencies  for  the 
dispersion  of  matter.  This  idea  has  introduced  an  element  of  possible 
cyclical  character  in  the  evolution  of  the  heavenly  bodies,  though  the 
question  of  the  source  of  the  requisite  energy  is  serious.  There  is  hope 
that  the  difficulties  of  this  question  may  soon  be  relieved,  for  recent 
discoveries  respecting  the  internal  energies  of  atoms  suggest  the  pos- 
sibility that  the  Helmholtzian  contraction  theory  explains  the  origin 
of  only  a  part  of  the  energy  given  up  by  the  stars." 

S.  D.  T. 

Canals  of  Mars, — The  canals  of  Mars  have  been  photo- 
graphed at  the  Lowell  Observatory  by  Mr.  Lampland.  Pro- 
fessor Lowell  contributes  an  article  on  the  subject  to  the 
November  number  of  Popular  Astronomy,  but  the  reproduc- 

4 

tions  there  given  are  indistinct,  and  do  not  apparently  show 
the  canals  at  all. 


Ncuf  Asteroids. — In  number  4050  of  the  Astronomische 
Nachrichten  Professor  Bauschinger,  head  of  the  Rechenin- 
stitut  in  Berlin,  assigns  numbers  to  sixteen  of  the  small 
planets  discovered  and  sufficiently  observed  during  the  current 
year.  The  total  of  numbered  asteroids  is  now  569.  Seven  of 
the  recently  discovered  planets  were  not  considered  sufficiently 
well  observed  to  merit  a  number. 


Zodiacal  Liiiht. — Professor  Simon  Newcomb  contributes 
an  article  to  the  October  number  of  the  Astrophysical  Jourfwl 
in  which  he  describes  some  observations  on  the  zodiacal  light 
made  from  a  mountain  in  Switzerland.  He  was  in  such  a 
latitude  that  in  midsummer  the  Sun  was  about  20°  below  the 
northern  horizon  at  midnight.  The  Sun  would  be  far  enough 
below  the  horizon  to  completely  cut  off  twilight,  but  if  the 
zodiacal  light  extends  in  all  directions  from  the  Sim  to  any 
considerable  distance  it  should  be  visible  at  midnight  at  the 
station  selected.  Professor  Xewcomb's  observations  indicate 
that  the  light  was  faintly  visible,  and  he  suggests  that  we  here- 
after frame  our  definition  of  zodiacal  light  as  follows :     "  A 
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luminosity  surrounding  the  Siui  on  all  siiles,  of  which  thu 
houndary  is  nowhere  less  than  35  from  the  Sun,  and  whicli  is 
greatly  elongatwl  in  ihe  direction  of  the  ecliptic." 


L  A  Xci^'  AU^ol  /-.inaWt-.— liuUelin  No.  f>  of  the  Laws  Ob- 
Iservatory  is  devoted  to  the  determination  of  the  period  of  a 
rnew  Algol  variable  discovered  by  Madame  Ceraski  in  (be  fall 
Icf  1904.  This  star  has  been  observed  since  June  of  this  year 
Eai  the  Laws  Observatory,  ami  its  period  has  been  found  to 
I  be  ^  ly**  56"  44'.  with  an  uncertainty  of  perhaps  Sve  seconds, 
I  This  star  Ls  remarkable  both  for  the  rapidity  and  the  amoun! 
bif  tile  diminution  of  its  light.  It  decreases  over  three  mag- 
Hiiludes  in  four  and  one-half  hours  and  becomes  so  faint  as 
Hbo  be  invisible  with  the  small  telescope  of  the  Laws  Observa- 
HtOry.  The  average  diminution  in  light  of  stars  of  the  Algol 
Htype  is  about  1.4  magnitudes.  S.  D.  T. 

B  Standard  T-ime. — ^In  volume  IV',  appendix  IV,  Piiblicaliotus 
Upf  I  fie  i^-  S.  Naval  Obscnvtary,  Lieutenant-Commander 
Hj^DWAKn  EvERKTT  Havuen.  head  of  the  Department  of  Chro- 
^hometers  and  Time  Service,  sets  fonli  the  present  status  of  ihe 
Hcise  of  standard  time.  After  defining  standard  lime  and  refcr- 
Kring  to  ihe  international  date-line,  he  explains  in  some  detail 
Btlie  method  employed  in  sending  out  time-signals  from  a  centra! 
K^bserving  station,  together  with  the  method  of  obtaining 
^Korrect  standard  time.  Reference  is  made  to  a  resolution 
^fcassed  by  the  Eighth  Internationa!  Geographic  Congress 
HHrhich  met  in  September,  1904,  in  which  the  congress  expressed 
Hbself  as  favoring  the  universal  adoption  of  the  meridian  of 
HGreen>yich  as  the  basis  of  all  systems  of  standard  time.  In 
Ka  summary  of  nations  that  use  standard  time  it  is  shown  that 
Kof  sixty-four  all  but  twenty  have  adopted  the  Greenwicli 
Bineridian  as  the  basis,  and  of  those  twenty  no  two  refer  to 
Hthe  same  standard  meridian.  The  pamphlet  is  evidently 
Burtended  to  arouse  ]jopular  interest  in  the  universal  adop- 
Hlion  of  standard  time  by  all  nations,  and  emphasizes  the  de- 
B«rability  of  using  the  Greenwich  meridian  as  the  basis  of 
B^e  system.  The  author  would  call  this  the  "  Universal  Time 
BSystem,"  and  says  that  it  "  may  fairly  be  said  to  have  as  much 
^ni:  its  favor  as  the  Gregorian  calendar  itself."    The  pamphlet 
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further  contains  legal  acts,  decrees,  and  decisions  relative  to 
standard  time  and  a  table  of  abstracts  of  official  reports  ot 
the  kinds  of  time  in  use  by  various  nations.  Those  interested 
in  any  point  connected  with  standard  time  or  time  service 
will  find  a  very  clear  discussion  of  it  in  this  article. 

Elliott  Smith. 

Star  Catalogue, — Professor  J.  G.  Porter,  of  the  University 
of  Cincinnati,  has  recently  published  a  catalogue  of  the  northern 
stars  of  PiAZZi,  containing  4,280  stars  for  the  epoch  1900 
(Publications  of  the  Cincinnati  Observatory,  No.  15).  As 
explained  by  Professor  Tlxker  in  the  preface  to  his  catalogue 
of  the  southern  Piazzi  stars,  the  completion  of  this  catalogue 
renders  available  observations  of  the  complete  list  for  four 
epochs  well  distributed  throughout  the  last  century, — that  is  to 
say,  for  the  mean  epochs  1800,  1835,  1875,  and  1900.  The  re- 
reduction  of  the  original  observations  of  Piazzi  has  been  under- 
taken by  Dr.  Herman  S.  Davis,  who  proposes  also  to  discuss 
the  observations  available  for  the  four  given  •  epochs.  It  is 
anticipated  that  valuable  data  concerning  precession  and  proper 
motions  will  be  derived  from  this  discussion. 

Elliott  Smith'. 

Astronomische  Bcobachtungcn  zu  Kiel,  Beschreibung  der 
Xeucn  Mcridiankrcisanlagc  von  Paul  Harzer. — A  descrip- 
tion of  the  new  meridian  circle  recently  installed  at  Kiel  has 
been  published  by  Paul  Harzer,  director  of  the  Observatory. 
Accompanying  the  description  are  six  illustrations  showing 
in  detail  the  salient  features  of  the  instrument. 

All  modem  improvements  known  to  meridian-circle  ob- 
servers accompany  this  instrument.  The  reversing  is  done  by 
a  crane  from  above  suitably  fitted  with  crank  and  gear-tvheeb?. 
Right  ascensions  arc  observed  by  means  of  a  so-called  unper- 
sbnlichcs  micrometer,  and  at  the  same  time  the  declination 
setting  is  made.  At  the  eye-end  of  the  telescope  is  an  appa- 
ratus for  recording  the  declination  setting,  but  the  author 
states  that  the  micrometer-head  is  so  quickly  and  easily  read 
that  the  recording  apparatus  will  probably  not  be  used  in 
observing. 

Electric  lights  are  used  for  illumination,  and  two  motors 
furnish  power   for   opening  and   closing  the   shutters.     The 
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)  provitleil  wUh  s.  mire,  collimators,  a  nadir  and 
\  zeniili  mirror,  and,  to  eliminate  possible  errors  due  to  changes 
m  the  observing-clock.  one  under  the  conditions  of  constant 
■  ni[>erature  and  pressure  has  been  installed.  As  each  of  these 
r^jts^es  some  new  features,  a  detailed  description,  as  given 
III  Professor  Harzek's  article,  will  be  of  value  to  those  inter- 
evK-d  in  the  subject.  Elliott  Smith. 

The  following  notes  have  been  taken  from  recent  numbers 

The  conference  of  the  International  Union  for  Co-opera- 
tion m  Solar  Research  was  concluded  on  September  29th,  in 
Xew  College,  Oxford.  Ii.was  resolved  to  accept  the  invitation 
or  M.  Jasssen  to  meet  at  Meudon  in  September.  1907.  Pro- 
Itssors  ScHLSTER  Ichairmau)  and  Hale  were  elected  members 
(J!  the  executive  committee.  It  was  decided  that  the  central 
Ijurcaii  should  be  at  the  University  of  Manchester,  and  that 
tiie  computing  bureau  should  be  at  the  University  Observatory, 
'  ixford,  under  the  direction  of  Professor  Turner.  Commit- 
tees were  elected  to  deal  with  the  following  four  subjects :  ( i ) 
standards  of  wave-length;  (2)  solar  radiation;  (3)  co-opera- 
tion in  work  with  the  spectro-heliograph;  (4)  co-operation 
in  work  on  the  spectra  of  sun-spots. 

Professor  G.  E.  Hale,  director  of  the  Mount  Wilson  Solar 
Observatorj.  on  September  30th.  gave  a  lecture  in  the  Caven- 
dish Laboratory,  Cambridge  University,  on  "The  Development 
of  a  New  Method  in  Solar  Research,"  and  on  October  4th  he 
gave  a  lecture  at  a  special  meeting  of  the  Royal  Astronomical 
Societv  on  the  "Solar  Observatorv  on  Mount  Wilson,  Cali- 


Professor  C.  W.  Pritchett  has  retired,  at  the  age  of 
eighty-three  and  after  thirty  years  of  service,  from  the  profes- 
■^i-rship  of  astronomy  and  directorship  of  the  Morrison  Ob- 
servatory of  Prilchett  College,  at  Glasgow.  Missouri,  His 
successor  is  Mr.  Herbert  R.  Morgan,  formerly  computer  in 
the  United  States  Naval  Observatorj-.  The  Morrison  Observa- 
tory has  a  twelve-inch  Clark  equatorial  and  a  six-inch  meridian 
circle. 
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Dr.  Herman  S.  Davis  on  November  ist  resigned  the  posi- 
tion of  Astrononier-in-Charge  of  the  International  Latitude 
Observatory  at  Gaithersburg,  and  has  been  succeeded  by  Dr. 
Frank  E.  Ross,  formerly  Research  Assistant  of  the  Cam^e 
Institution.  Dr.  Ross  still  retains  some  connection  with  the 
v/ork  which  Professor  Newcomb  is  doing  under  the  auspices 
of  the  Carnegie  Institution. 


Obituary. — Number  4051  of  the  Astromomischc  Nacliricli- 
tcn  announces  the  death,  on  October  3d  of  this  year,  of  Dr. 
Walter  F.  Wislicenus,  in  the  forty-fifth  year  of  his  age. 
Dr.  WiSLiCENUS  served  as  student  assistant  in  an  expedition 
for  the  observation  of  the  passage  of  Venus  in  1882.  He  occu- 
pied the  position  of  assistant  in  the  observatory  of  the  Univer- 
sity of  Strassburg  from  1883  until  1889.  In  1889  ^^^  became 
"Privatdocent"  in  the  University  of  Strassburg,  and  "ausseror- 
dentlicher  Professor"  in  the  same  University  in  1894.  He  had 
marked  ability  in  the  exposition  of  astronomical  and  physical 
facts  and  theories,  and  the  power  to  present  them  in  such  a 
way  as  to  arouse  the  interest  of  his  hearers  or  readers.  Until 
the  last  seven  years  of  his  life  his  published  writings  consisted 
of  memoirs  or  small  volumes,  some  on  matters  of  interest  to 
professional  astronomers  only,  but  more  of  a  popular  or  semi- 
popular  nature.  He  is  best  known  for  the  great  service  which 
he  rendered  the  science  of  astronomy  by  the  publication  of  the 
Asironomischc  Jahreshcricht,  an  annual  indexed  review  of 
published  articles  of  interest  to  astronomers.  This  annual  was 
founded  by  him,  and  six  volumes  were  published  under  hi^ 
direction  and  under  the  auspices  of  the  Astronomische  Gesell- 
schaft.  The  seventh  volume  was  under  preparation  at  the 
time  of  his  death.  His  removal  at  a  time  when  his  career 
seemed  only  begun  deprives  the  astronomical  fraternity  of  one 
of  its  most  devoted  and  trusted  members.  B.  L.  X. 


The  Late  Astronomer-Royal  for  Scotland, — Professor 
R.-YLPii  Copeland  died  at  Royal  Observatory,  Edinburgh,  on 
27th  of  October  last.  He  was  sixty-nine  years  of  age.  He  was 
born  in  Lancashire,  where  his  father  was  a  farmer  and  part 
owner  of  a  cotton-mill.  His  tastes  did  not  lie  in  the  direction 
of  business,  and  he  went  to  Australia  in  1853.     Amongst  the 
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most  treasured  possessions  wliicli  iie  carried  with  liini  was  his 
scanty  library,  consisting  of  ihree  volumes — Hebschel's  "Out- 
lines of  Astronomy,"  a  Bible,  and  a  copy  of  Shakespeahk's 
jilays.  For  a  time  he  was  engaged  on  a  sheep-farm,  and  at 
the  gold-diggings.  Returning  to  England  in  1858,  he  relieved 
ihe  monotony  of  the  voyage  by  a  study  of  DfJNATi's  comei.  Hir 
was  apprenticfd  to  a  firm  of  fngine-builders  in  Manchester. 
Here  he  not  only  began  the  regular  suidy  of  mathematics  but 
i-rectcd  for  himself  a  small  observatory.  In  1864  he  studied 
French  at  Paris,  and  in  the  following  year  went  to  Germany, 
i\hore  he  may  be  said  [u  have  commenced  his  scientific  career 
while  studying  astronomy  in  the  University  of  Gottingen.  In 
1869  the  degree  of  Ph.D.  was  conferred  on  him  for  his  work, 
ihe  "Gottingen  Star  Catalogue."  carried  out  in  conjunction  with 
his  friend,  Ca«l  Borgen.  In  1870  Dr.  Oii'Elanu  was  ap- 
pointed astronomer  lo  the  Earl  of  Rosse  at  Parsonstown,  where 
he  had  the  use  of  the  great  six-foot  rellecting  telescope.  He 
rtniained  with  Lord  Rosse  until  1874.  when  he  joined  Lord 
Lindsay  in  an  expedition  to  Mauritius  to  observe  the  transit 
'if  Viniis.  He  afterwards  became  assistant  to  Dr.  Robert 
ii.iLLL  at  Dublin.  Here  he  remained  till  1876,  when  he  was 
offered  by  Lord  Crawfokd  the  directorship  of  his  observatory 
in  Aberdeenshire.  In  1882  he  again  observed  the  transit  of 
I'eniis,  this  time  at  Jamaica.  Dr.  Copeland  was  one  of  the 
few  who  have  observed  each  of  a  pair  of  transits  of  rcnits.  In 
later  years  he  organized  and  carried  out  four  eclipse  expeditions. 
In  1889  Dr.  Copeland  was  appointed  Astronomer  Royal  for 
Scotland  and  Professor  of  Astronomy  in  the  University  of 
Edinburgh.  One  of  the  first  duties  of  his  new  office  was  the 
dioice  of  a  site  for  the  new  Royal  Observatory.  In  May.  1896, 
the  observatory  was  fomiallv  opened.  The  di.scovery  of  the 
new  star  in  the  constellation  Perseus  in  1901  entailed  a  great 
.Tmount  of  labor  and  assiduous  personal  observation.  Of  Pro- 
icssor  Copelanh's  scientific  achievements,  reference  may  be 
made  to  his  proof  of  the  identity  of  the  orbit  of  the  comet  of 
with  that  of  1843.  the  orbit  computed  by  him,  as  well  as 
e  computed  by  two  other  astronomers,  agreeing  so  well  as 
J  no  reasonable  doubt  that  the  paths  of  the  two  bodies 
le  identified  the  iron  lines  in  the  spectrum  of  the 
t  of  1882,  and  in  1886  he  proved  the  existence  of  helium 
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in  the  Great  Xebula  in  Orion.  His  many  great  and  varied 
services  to  astronomy,  especially  in  the  department  of  spec- 
troscopy, render  his  death  a  distinct  loss  to  astronomical  sci- 
ence.— Extract  from  the  Scotsman, 


¥ 


AsiroHomical  Society  of  the  Pacific. 


^iINL■TES    OF    THt     MEETING    Ul'    THE     BoABD    OF     DIRECTORS. 

Held  in  the  Rooms  of  the  Society   No- 
vember 25.  1905,  AT  7:30  p.  M. 

President  TowstEV  presided.  A  quorum  was  present.  The  min- 
utes of  the  Usl  meeting  were  approved.  The  following  members  were 
duly  elected: — 

List  or  Members  Elected  November  35,    1Q05. 

Mr.  W.  F.  Ahmstimkg 164s  Fulton  St.,  S.  P..  Cal. 

Mr,   E.  H.  Bacom S08  Montgomery  St..  S.  F.  Cal. 

Mr.  A.  J.  CHAMfREUX Students'  Observatory,  Berkeley.  Cal. 

Mr.  Frank  V.  Cornish Crossley  Building.  S-  F.  Cal. 

Mr.   Stlula  Eikabson Students'  Observatory.  Berkeley.  Cal. 

IT.  T,  J.J.  See' Naval  Observatory.  Mare  Island,  Cal. 

Dr.  Ono  TrraNS —  Goettingcn,  Germany, 

A  *  ligruAc*  llle  mnnlKiihip. 

The  following  resolutions  were,  upon  motion,  adopted ; — 

Stsolfd.  Th>l  (be  Incsmr  ul  Ihe  John  Dolbcci  Fund  lor  the  Akh I  y»i  ifoj-.^n&bc 
deVDifd  10  Ihe  ftiMcodoni  ol  Ihe  SdcIcit. 

KiHilvHt.  Thai  ibe  Iinuary,  19DC.  meetlnB  ol  Ihe  Sociciy  tw  liclil  iti  ilie  Students' 
Oloervatory  of  Ihe  Univcr^ly  til  California  hi  Berkeley. 

Rtulsud.  TliBi  Ihe  ObMrvatoryol  Mirani  College.  Htmm.  Ohio,  be  plscnl  upi>n  Ihe 
Uii  dI  cortespDndine  iniUilullaiii. 

The  proposed  amendment  lo  Article  IX  of  the  By-Laws,  referring 
n)  dale  and  place  of  meetings  of  the  Society,  was  referred  by  the  Presi- 
'tent  to  a  committee  consisting  of  Messrs.  Camtbell,  Lev.schneb,  and 
ZiEL  for  investigation. 

Adjourned. 

MI^-^.■TES  of  the  Meeting  of  the  Asthonomiital  Society 
OF  THE  Pacific,  Held  in  the  Lecture  Hall  of  the 
California  Academy  of  Sciences  Novem- 
ber 25,   1905,  at  8  I'.   M. 
The  meeting  was  called  10  order  by  President  Townlev.     TIic  min- 
nles  of  the  last  meeting  were  approved. 

The  Chairman  gave  a  short  account  of  the  work  of  the  Society, 
i-iilhng  attention  lo  the  recently  created  status  of  "Patrons  of  the 
Siicitl.v,"  and  giving  a  summary  of  the  benefactions  of  ihosc  whose 
names  have  been  placed  on  this  list.  He  then  introduced  the  lecturer 
of  the  evening.  Professor  Leuschneb,  Director  of  the  Students'  Ob- 
jervaiory  at  Berkeley,  who  read  his  paper  on  the  "Derivation  of  the 
Orbits  of  New  Cornels,  Asteroids,  and  Satellites." 
.■Adjourned. 
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Mr.  S.  D.  TOWNI.BV rt«nl 

Mr.  A.  O.  LKtacKNUi Fiitt  ytte-PrriU 

Mr.  ChAs.  S.  CUSIIINr. SrimJ  fice-Piriii 

Mr.  A.  H.  B*»cocic - T»it4  l^tfPrtttd 

Mi.  R,  G.  AlTKBN    I  (,„«., 


CUSHINC.  Leuschheb,  Wu.  H.  Chociceii. 
TowMLEV.  New  Kin  K. 
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1y  ■■  lAw^ble.  a*  well  ■>  anirchuice*  In  addresae*.  The  Secieury  In  San  Fnuiciirawlll 
id  10  any  member  of  the  Societv  mllabte  alallonery,  Mimped  with  the  seal  of  tltt 
r I ety.  at  coat  price,  >i  follows:  a  block  of  letter  paper.  40  cent*;  of  note  piprr.  ijceBli. 
BCkage  of  envelopes,  ijcenli.  These  prices  Include  postage,  and  should  be  leniUttd 
money-order  or  in  U.  S.  cost  ace  Stan  i>*.    The  sending*  are  at  the  risk  of  Ibe  member. 

TlMjae  members  who  propose  to  attend  the  meetings  at  Monnt  Hamilton  darlBgllie 
nmer  should  communicale  with  "  Tbe  Secretary  Ailrnnomlcal  Society  of  llie  Panfic" 
the  rooms  of  tlie  Sddety,  S19  Market  Street,  San  FiBncisco,  In  order  that  arTaDganeal* 
..> J-  t_  . — iporliiton,  lodging,  etc. 
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AiTKEN,  R.  G.,  The  Comets  of  the  Year  1904.  25;  More  New  Com- 
panions to  Known  Double  Stars,  192:  The  Motion  of  13  Ccti 
=  Ho  212,  159:  New  Companions  to  Known  Double  Stars,  131 ; 
New  Companions  to  Three  2  Double  Stars.  112;  Note  on  Comet 
cj  1905,  63:  Note  on  Comet  c  1904.  70;  Note  on  the  Binary  Stars 
^  208  and  ^5241  70;  Note  on  Two  Interesting  Binaries  in  Cctus, 
26;  Note  on  Secchi's  Companion  to  2  2481,  113;  Observations 
of  the  Eclipses  of  the  Satellites  of  Saturn,  189:  The  Orbits 
of  Visual  Binary  Stars,  187;  Visual  Observations  of  Satellite 
\T  to  Jupiter,  23;  ^Scorpii,  a  Short-Period  Binary 11 1 

Albrecht,  Sebastian,  Note  on  the  Spectrum  of  Nova  Aquilcc  No.  2 
(with  J.  H.  Moore),  156;  Observations  of  the  Sixth  Satellite  of 
Jupiter,  130;  Observations  of  the  Seventh  Satellite  of  Jupiter, 
160 ;  Photographs  of  Noz^a  AquiUc  No.  2 158 

Alvord.  William,  Obituary  Notice  of 37 

Asteroid  (167)   Urda,  The  Variable,  by  J.  D.  Maddrill 180 

Astronomical  Observations  in  1904,  by  Torvald  Kohl 16 
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Award  of  the  Donohoe  Comet- Medal  of  the 55 

Corresponding  Institutions  of  the   9 

Exchanges  of  the   10 

Members  of  the  i 

Minutes  of  the  Meetings  of  the t^7,  84,    207 
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2i7^  83,  88.  169.  207 
Officers  of  the   39,  89,   120,  140,   171,  208 

Barx.\rd,  E.  E.,  Miss  Dobbin's  Determination  of  the  Orbit  of  the 
Fifth    Satellite   of  Jupiter    35 

Binary  Stars.     (See  Double  Stars,  and  Spectroscopic  Binaries.) 

B<^)Rrei  LV,  A..  Award  of  the  Donohoe  Comet- Medal  to 55 

Campbell.  W.  W..  Additions  to  the  Lick  Observatory  Reservation. 
51  :  Appointment  of  Dr.  Curtiss  on  the  Staff  of  the  Allegheny 
Observatory,  107;  An  Electric  Lighting.  Power,  and  Pumping 
Plant  for  the  Lick  Observatory,  57;  Gift  from  Mr.  D.  O. 
Mills,  ioi  ;  Honors  for  Professor  Perrixe,  108:  A  List  of 
Nine  Spectroscopic  Binaries,  24;  Note  on  the  Work  of  the 
D.  O.  Mills  Expedition  to  Chile.  63:  The  Personnel  of  the 
Crocker  Eclipse  Expeditions  from  the  Lick  Observatory.  102; 
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Variable  Radial  Velocity  of  Sirius  and  the  Inclination  of 
Its  Orbit-Plane  66 
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e  1904,  Note  on  the  Orbit  of,  by  A.  O.  Leuschnek 60 

Note  on,  by  R.  G.  Aitken 70 

a  1905  (GiAcoBiNi),  by  R.  T.  Crawford  and  J.  D.  Maddrill.  ...  103 

Note  on,  by  R.  G.  Aitken  63 

h  1905  (Schaer),  Note  on,  by  R.  T.  Crawford 194 

Comet -Medal,  Awards  of  the 55 

Comets  of  the  Year  1904,  The,  by  R.  G.  Aitken  25 

Copeland,  Ralph,  Obituary  Notice  of 204 

Correction  to  the  Second  Edition  of  the  '*  Atlas  des  Nordlicheii 
Gestirnten  Himmels,"  by  R.  T.  Crawford  66 

Corrigenda    131 

Crawford,  R.  T..  Comet  a  1905  (with  J.  D.  Maddrill),  103:  Note 
on  a  Correction  to  the  Second  Edition  of  the  **  Atlas  des  Nord- 
lichcn  Gestirnten  Himmels,"  66;  Note  on  Comet  h  1905 
(Schaer)    194 

Curious  Astronomical  Observation,  A,  by  J.  D.  Maddrill 160 

Curtis,  H.  D. — The  Lick  Observatory-Crocker  Eclipse  Expedi- 
tion to  Labrador    173 

Curtiss,  R.  H.,  Appointment  of,  on  the  Staff  of  the  Allegheny 
Observatory    107 

Development  of  a  New  Observatory,  The,  by  G.  E.  Hale 41 

Double  Star  Notes,  by  R.  G.  Aitken: — 

More  New  Companions  to  Known  Double  Stars 192 

The  Motion  of  13  Ccti  =  Ho.  212 I59 

New  Companions  to  Known  Double  Stars  131 

New  Companions  to  Three  2  Double  Stars   , 1 12 

Note  on  the  Binary  Stars  /3  208  and  /3  524   70 

Note  on   Secchi's   Companion  to  S  2481    113 

The  Orbits  of  Visual  Binary  Stars 187 

^  Scor/^ii,  a  Short-Period  Binary  Star ii  i 

Eclipse  Expedition  to  Labrador,  The  Lick  Observatory-Crocker, 
by  H.  D.  Curtis    I73 

Eclipse  Expeditions,  Personnel  of  the  Crocker,  from  the  Lick 
Observatory,  by  W.  W.  Campbell.  102;  Return  of  the  Crocker  190 

Eclipse.  The  Solar,  of  August  29-30,  1905  I59 

Hros  Reference-Stars,  Normal  Places  of  the,  by  Elliott  Smith..     27 

General  Notes   3^.  73-  "5-  132,   162.  196 

GiAcoBiNi,  M..  Award  of  the  Donohoe  Comet-Medal  to 55 

Hale,  G.  E.,  The  Development  of  a  New  Observatory,  41 ;  Smith- 
sonian Expedition  to  Mt.  Wilson.  ic8:  Tests  of  the  Snow 
Telescope,  100:  The  Water  System  for  the  New  Ob.servatory . .   109 

Hussey.  W.  J.,  The  Resignation  of.  as  Astronomer  in  the  Lick 
Observatory    107 
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Latitude  Stations,  Note  on  New,  by  S.  D.  Townlev  164 
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rTHE    LICK    OBSERVATORY-CROCKER    ECLIPSE 
EXPEDITION    TO    SPAIN. 

By  W.  VV.  Campbell  and  C.  D.  Perrine. 

The  total  solar  eclipse  of  August  30.  1905.  was  looked 
forward  to  with  unusual  interesL  Its  duration, — three  and 
three-fourths  minutes  as  a  maximum, — its  occurrence  at  the 
season  of  the  year  when  weather  conditions  would  be  the 
most  promising,  and  the  ease  of  access  to  widely  separated 
obser\'ing  stations  on  three  continents,  formed  a  favorable 
combination  of  rare  occurrence.  The  eclipse  would  occur  in 
Spain  an  hour  and  a  half  later  than  in  Labrador;  and  in 
Egypt  an  hour  later  than  in  Spain.  Here  were  offered  just 
the  opportunities  desired  to  determine  the  existence  and  per- 
haps the  character  of  motions  within  the  coronal  structure, 
and  to  search  for  possible  intramercurial  planets.  To  take 
suitable  advantage  of  these  rare  opportunities  required  that 
we!  I -equipped  expeditions,  working  in  harmony  and  co- 
operation, should  be  sent  to  each  of  the  three  countries  men- 
tioned. The  subject  was  brought  to  the  attention  of  Mr. 
William  H.  Crocker  in  July,  1904,  who  was  quick  to  recog- 
nize the  scientific  imprjrtance  of  the  event ;  and  he  at  once 
made  provision  for  meeting  the  expenses  of  the  three  large 
expeditions,  as  planned.'  Preparation  of  the  apparatus  com- 
menced at  once  and  continued  uninterruptedly  until  June,  1^05. 
^With  the  approval  of  the  Board  of  Regents  of  the  Uni- 
versity, the  Labrador  expedition'  was  dispatched  in  charge  of 
Acting  Astronomer  Hebeb  D,  Curtis;  the  Spanish  expedition 
in  charge  of  Director  Campbell,  with  Astronomer  C.  D. 
Perrine  as  associate;  and  the  Egyptian  expedition  in  charge 
of  .\stronomer  W.  J.  Hussev.' 

The  path  of  totality,  about  one  hundred  and  twenty  miles 
wide,  crossed  northern  Spain  in  a  north  west -so  nth  east  direc- 
tion.    The  cities  of  Oviedo,  Burgos.  Soria,  and  Daroca  are 
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a  few  miles  north  of  the  center  line  of  the  path.  Logrono 
and  Zaragoza  are  a  few  miles  within  the  northern  edge  of 
the  shadow,  and  La  Coruna  and  Valladolid  are  a  few  miles 
within  its  southern  edge.  Valencia  appears  to  be  located 
almost  exactly  on  the  southern  edge.  Excellent  maps  of  the 
eclipse  path,  on  both  large  and  small  scales,  prepared  by  the 
Madrid  Observatory  and  published  by  the  Spanish  Govern- 
ment, were  very  useful  to  observers  in  deciding  upon  their 
observing  stations.  Director  Iniguez,  of  the  Madrid  Observa- 
tory, kindly  placed  at  the  disposal  of  observers  a  considerable 
quantity  of  meteorological  data,  notably  the  observations  for 
1897  and  1898,  in  order  that  they  might  judge  of  the  weather 
probabilities.  The  best  prcwnise  for  a  large  number  of  clear 
days,  small  rainfall,  low  humidity,  and  small  diurnal  range 
of  temperature  seemed  to  be  afforded  by  the  region  south  and 
southwest  of  Zaragoza.  Burgosj  with  slightly  poorer  weather 
conditions,  as  shown  by  the  records,  was  to  be  the  destination 
of  numerous  expeditions,  as  well  as  the  objective  point  of  the 
tourists, — good  and  sufficient  reasons  for  our  avoidance  of 
it.  A  consideration  of  all  the  conditions,  several  months  before 
leaving  Mt.  Hamilton,  led  to  the  decision  that  the  expedition 
should  locate  in  the  Almazan-Ateca-Daroca  region. 

The  scientific  apparatus  and  supplies  for  the  three  expedi- 
tions were  packed  on  the  first  three  days  of  June  for  shipment 
by  wagon  to  San  Jose,  thence  by  railway  to  Galveston  and 
Gulf  steamer  to  New  York. 

Mr.  and  Mrs.  Campbell,  Mr.  and  Mrs.  Perrine,  and  Vol- 
unteer Observer  Thomas  E.  McKinney,  Professor  of  Mathe- 
matics and  Astronomy  in  Marietta  College,  Ohio,  sailed  from 
New  York  on  July  6th,  per  White  Star  steamer  "Rcmianic," 
bound  for  the  Azores,  Gibraltar,  Naples,  and  Genoa.  The 
freight  for  the  Spanish  and  Egj^ptian  expeditions  was  on  the 
same  ship.  The  passage  was  an  especially  favorable  one,  as 
there  was  neither  wind  nor  wave  until  the  day  before  reaching 
Gibraltar.  Nevertheless,  the  steamer's  schedule  was  not  main- 
tained. The  arrival  at  Gibraltar  was  a  day  late,  which  caused 
only  minor  inconveniences;  but  the  delay  in  reaching  Genoa 
was  more  serious  in  its  consequences. 

Mr.  and  Airs.  Campbell  disembarked  at  Gibraltar  and 
journeyed  overland  to  make  necessary  official  arrangements 
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at  Madrid,  to  select  and  prepare  the  site  for  the  observing 
station,  and  to  provide  living  accommodations.  They  stopped 
a  day  at  Granada  tu  see  the  Alhambra  and  other  historical  and 
architectural  interests  of  this  city,  but,  with  eclipse  duties  ahead 
of  Ihem,  they  were  in  no  mood  for  sightseeing.  The  other 
members  of  the  expedition  continued  on  the  same  ship,  first 
to  Naples,  where  Professor  Hussey  received  in  person  the 
Egyptian  freight,  and  thence  to  Genoa,  where  iransfer  to  a 
steamer  sailing  direct  to  Barcelona  was  to  be  made.  Unfor- 
tunately the  belated  arrival  at  Genoa  vitiated  the  arrangements 
kindly  made  by  the  American  Consul  for  a  quick  transfer  to 
the  fiarcelona  steamer,  for  which  there  should  have  been 
abundant  time.  This  failure  to  make  connections  involved  a 
delay  of  one  week  at  Genoa,  a  loss  that  could  ill  be  afforded 
at  the  observing  station.  Passage  was  secured  on  the  steamer 
"  Jativa,"  leaving  Genoa  on  July  27th  and  reaching  Barcelona 
on  Saturday  evening,  July  29th. 

The  freight  having  been  seen  on  board  a  railway  car,  Mr. 
and  Mrs.  Perhine  proceeded  to  the  eclipse  station,  arriving 
on  August  2d.  Dr.  McKinnev  traveled  on  the  train  which 
carried  the  instruments,  keeping  watch  on  the  eclipse  car  to 
guard  against  delays.  He  brought  the  car  to  its  destination 
on  tlie  morning  of  August  3d, 

The  main  line  of  railway  from  Madrid  to  Zaragoza  crossed 
tile  central  line  of  the  shadow-helt  at  the  village  of  Alhama, 
in  Aragon.  This  place  is  justly  famous  for  its  wonderful 
springs  of  warm  water.  Its  baths  were  known  to  and  patronized 
by  the  Romans  in  the  days  of  the  Roman  occupation,  and 
;y  continue  to  be  used  extensively  in  the  late  summer  months 

the  Spaniards,  for  rheumatic  and  other  complaints. 

Interviews  in  Madrid  with  Professor  Casarks.  Astronomer 
ISiGf  EZ.  and  others  led  to  the  provisional  selection  of  Alhama 
for  the  observing  station.  The  weather  indications  seemed 
to  be  as  promising  there  as  anywhere  along  the  line;  no  other 
expedition  was  planning  to  locate  in  .Alhama ;  it  was  the  point 
of  easiest  access  for  the  imported  instruments  and  for  daily 
supplies,  as  well  as  for  the  assistants  who  were  to  come  from 
Madrid,  Zaragoza,  and  northern  Europe;  and  there  was  a 
hotel  with  which  arrangements  for  accommodations  could  be 
made.     The  latter  point  was  of  considerable  importance,  as 
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there  were  to  be  about  twenty-five  members  of  the  expedition 
during  ecHpse  week ;  and  while  food  suppHes  in  abundance  had 
been  taken  from  New  York,  in  case  it  was  necessary  to  estab- 
Hsh  our  own  camp,  we  were  soon  convinced  that  this  should 
be  avoided  at  almost  any  cost. 

Mr.  and  Mrs.  Campbell  reached  Alhama  on  July  21st. 
This  village  of  fifteen  hundred  people  has  an  interesting  loca- 
tion from  the  geological  point  of  view.  It  is  in  a  valley 
bounded  for  the  most  part  by  steep  and  conspicuously  strati- 
fied walls  of  rock  from  two  hundred  to  four  hundred  feel 
high.  Near  the  center  of  the  village  these  walls  approach 
each  other  quite  closely,  so  that  the  form  of  the  town  is  roughly 
that  of  an  hour-glass,  whose  length  lies  southwest  and  north- 
east. The  fertile  floor  of  the  valley  is  subject  to  severe  floods, 
and  could  not  be  thought  of  in  connection  with  a  site  for 
observations.  After  careful  search  of  the  surrounding  country, 
a  satisfactory  location  w-as  found  near  the  southernmost  part 
of  the  village,  on  a  small  hill  rising  about  sixty  feet  above 
the  valley.  Some  forty  years  ago  a  palacio  real  had  b^en  built, 
an  artificial  lake  constructed,  and  the  surrounding  grounds 
improved  to  supply  accommodations  for  the  King,  who  was 
coming  to  take  the  baths.  The  hill  referred  to  is  in  the 
palace  grounds.  It  is  fairly  well  covered  with  pine  trees, 
especially  on  the  slopes  lying  below  the  lines  of  sight  of 
the  instruments  at  the  time  of  the  eclipse.  It  is  easy  of  access 
and,  equally  important,  easily  closed  to  inquisitive  visitors. 
It  was  therefore  definitely  decided,  on  July  24th,  to  locate 
here.  A  half-dozen  large  rooms  in  a  thick-walled  masonry 
house,  perfectly  adapted  to  mechanical  and  photographic  work, 
were  found  near  the  foot  of  the  hill.  Satisfactory  arrange- 
ments were  made  with  Hotel  Los  Termas  for  the  accommoda- 
tion of  the  party.  During  the  following  nine  days,  while  wait- 
ing for  the  other  members  of  the  expedition  to  arrive  with 
the  instruments,  laborers  were  employed  in  repairing  the  road 
to  the  summit,  making  the  excavations,  constructing  the  brick 
piers,  and  providing  for  the  water  and  other  supplies. 

These  preliminaries  having  been  arranged,  the  assembling, 
mounting,  adjusting,  and  testing  of  the  instruments  proceeded 
rapidly  from  the  date  of  their  arrival.  We  were  fortunate  hi 
having  the  assistance  of  Dr.  McKinnkv  and  Dr.  R.  S.  Dug.xn. 
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^formerly  Assistant  in  ihe  Hcitldberg  Observatory  and  now  of 
Princeton  University,  throughout  the  entire  period  of  work, 
from  unpacking  to  repacking.  Professors  Svante  Arbhenius 
and  GiSTAF  Kobb,  of  Stockholm  University,  were  with  us" 
for  (en  days  following  August  20lh.  Mr.  C.  M.  Olmsted,  an 
American  student  in  Bonn  University,  was  with  us  from 
August  25th  to  September  1st,  and  Mr.  Frederick  Palmer, 
Jr..  of  Haverford  College,  from  August  27th  to  September  3c!. 
To  these  six  gentlemen  the  expedition  is  under  special  obliga- 
tions. Even  with  their  skillful  assistance  the  work  of  prepara- 
tion was  exceedingly  strenuous.  We  were  able  to  obtain  ex- 
cellent unskilled  laborers,  but  we  found  it  expedient  to  be 
our  own  carpenters  and  machinists. 

The  available  weather  records  for  past  years  gave  promise 
of  very  light  rainfalls  in  the  months  of  July  and  August.  This 
promise  was  realized  in  August,  but  not  in  July.  From  July 
2ist  to  August  2d  there  were  six  heavy  rainstorms,  and  the 
fall  probably  amounted  to  seven  or  eight  inches.  These  storms 
were  reported  to  be  of  wide  extent  in  northeastern  Spain, 
causing  serious  floods  in  many  quarters.  During  the  period 
August  2(1  to  September  ist  the  weather  conditions  were  ex- 
cellent for  erecting  and  testing  the  apparatus.  There  were 
sprinkles  or  slight  showers  on  .August  4th.  loth,  23d,  and  25th, 
which  caused  no  damage  and  little  inoonvcnience.  Xearly  all 
the  nights  and  forenoons  were  clear.  The  majority  of  the 
afternoons  were  clear,  but  there  was  a  marked  tendency  for 
Ihin  clouds  to  form  in  the  early  afternoon,  On  many  days 
the  sky  was  beautifully  blue  and  markedly  free  from  glare 
around  the  Sun.  The  Milky  Way  frequently  shone  as  we  have 
seldom  seen  it  except  on  Mt.  Hamilton. 

The  other  volunteer  assistants  who  were  to  take  part  in 
the  observations  arrived  at  .*\!hama  on  August  27th  and  in 
the  morning  of  August  28th.  They  were:  Professor  Dr.  J, 
Hartmann,  Astrophysical  Observatory,  Potsdam;  5r.  D. 
Ernesto  Greve,  National  Observatory,  Santiago,  Chile;  Dr. 
ViGGo  Strovberg.  formerly  in  the  observatory.  Copenhagen: 
Sr.  D.  .\rtl'ho  Cl'vas.  Madrid;  Professor  Jose  Casares, 
Central  -University,  Madrid;  Professor  Hilari6n  Gimeno, 
.A,^niversity  of  Zaragoza;  Professor  .Antonio  Rocasolano.  Uni- 
-^ — lity  of  Zaragoza:  Professor  Felipe  Lavilla,  University 
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of  Valencia;  Lieutenant  Manuel  Hernandez,  Geodetic  Sur- 
vey, Madrid;  Sr.  D.  Esteban  Terradas,  University  of  Madrid; 
Sr.  D.  Enrique  Ibanez,  Secretario  de  Municipalidad,  Alhama; 
Sr.  D.  Felipe  Herreros,  Telegraphico,  Alhama;  Sergeant 
Esteban  Barbajossa,  Guardia  Civil  de  Elspagna;  Sr.  Juan 
Blasco,  Guardia  Civil  de  Espagna. 

The  remaining  days  were  devoted  to  training  the  twenty- 
fc  ur  observers  to  their  duties  at  the  instruments,  to  testing 
the  final  adjustments,  to  preparing  the  photc^raphic  plates  and 
their  holders,  and  to  arranging  the  multitude  of  details  which 
affect  success. 

Threatening  weather  conditions  arose  on  the  evening  of 
the  28th.  From  early  morning  of  the  29th  imtil  late  in  the 
afternoon  the  wind  blew  a  veritable  gale  and  the  sky  was 
thickly  clouded.  Although  the  ground  at  the  station  was  thor- 
oughly sprinkled,  the  wind  brought  clouds  of  dust  from  a 
distance.  The  rehearsals  of  programme  were  made  very  difficult, 
and  the  situation  was  discouraging.  However,  the  wind  ceased 
and  the  sky  cleared  in  the  early  evening. 

The  night  of  the  29th  and  the  forenoon  of  the  30th  were 
as  perfect  as  any  during  our  stay  in  Alhama.  About  noon 
of  the  30th  clouds  began  to  form  here  and  there;  by  12:30 
they  were  numerous,  especially  in  the  northwest;  and  before 
1  :  00  a  sheet  of  light  mackerel  clouds  was  streaming  southeast- 
erly across  the  Sun.  During  totality, — from  i  :ii  to  i  :i5,  Green- 
wich mean  time, — the  principal  prominences  and  the  general 
features  of  the  corona  were  visible  through  the  thin  clouds. 
The  clouds  probably  permitted  from  twenty  to  thirty  per.  cent 
of  the  photographic  rays  to  pass.  The  lower  atmosphere  was 
perfectly  calm ;  not  a  breath  of  air  was  stirring. 

All  preparations  were  completed,  and  the  observers  were 
in  their  places,  several  minutes  before  totality  began.  Signals 
**  5  minutes,"  **  i  minute,"  and  "  20  seconds  "  were  given  by- 
Mr.  ( )LiMSTEn  at  the  timepiece.  Certain  of  the  spectrographic 
exposures  were  to  begin  at  **  12  seconds"  before  the  computed 
time  of  total  eclipse.  Totality  began  about  17  seconds  earlier 
than  the  computed  time,  on  which  account  the  few  affected 
s])ectroscopic  exposures  were  necessarily  omitted;  but  all  the 
exposures  after  the  beginning  of  totality  were  secured  as 
planned. 
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^L       IMudi  has  been  tried  for  at  this  echpsc,  and  the  presence 
"   of  doutis  was  a  severe  discouragement.     Nevertheless,  con- 
siderable confidence  was  felt  that  sufficient  light  had  penetrated 
tile  clouds  to  give  useful  results  with  most  and  perhaps  all  of 
the  eighteen  instruments.     Development  of  the  plates  on  suc- 
ceeding days  showed  that  the  corona!  photographs  were  most 
excellent, — the  "  seeing  "  had  been  good :  thai  nearly  all  the 
spectrograms  were  of  splendid  quality ;  but  that  the  intramer- 
curial  plates  and  those  spectrograms  which  demanded  all  the 
light  from  an  unclouded  sky  were  only  partially  successful. 
Mathematical  astronomers  have  made  comparatively  little 
^hue   of  eclipse   contact-time   observations   for   improving   our 
^E^owledge  of  the  Moon's  motion.     The  expense  and  time  in- 
volved in  transporting,  erecting,  and  using  meridian  instru- 
ments for  the  purposes  of  the  three  expeditions  seemed  unjus- 
tified, and  it  was  accordingly  decided  to  depend  upon  sextant 
observations  of  the  Sun,  not  only  for  time,  but  for  latitude 
dclemiinaiions  also.     In  L-abrador  the  eclipse-path  lay  due  east 
and  west,  and  a  knowledge  of  the  longilnde  was  an  unimportant 
consideration  so  far  as  selecting  a  station  was  concerned.     It 
was   known    that   His    Excellency,    Governor    McGregor   of 
Newfoundland,  a  geodesist  of  considerable  experience,   was 
to  make  a   latitude  and   longitude   expedition   to   the   echpsc 
stations'  in  the  month  of  August.     From  the  large-scale  maps 
of  the  Aswan  district,  kindly  sent  to  the'  Lick  Observatory  by 
Captain  H.  G.  Lyons.  R.  E.,  Director-General  of  the  Egj'ptian 
Survey,  it  was  also  evident  that   the  latitude  and  longitude 
could  with  confidence  be  taken  directly  from  the  charts.    The 
transportation  of  chronometers  on   long  railway  journeys  is 
^uttended  with  considerable  risk,  and  it  was  thought  that  good 
^nratches  would  l>c  satisfactory'  substitutes.     Through  the  kind 
^K^ces  of  Mr.  F.  H.  McConnell,  of  San  Francisco,  eleven 
^matches  were  sent  to  Mt.   Hamilton   late   in    1904   for  trial. 
Three  Elgin  watches  were  selected,  whose  performance  com- 
pared very  favorably  with  that  of  standard  chronometers  when 
they  were  handled  with  the  same  care  that  chronometers  de- 
mand.   One  of  these  watches  was  sent  with  each  expedition. 
It  is  probable  that  observations  of  the  Sun,  secured  with 

■  For  an  iccount  □!  hii  work  n  the  Lick  ObaerviloTy-Cnxker  lUiion  In  LtlvBdar, 
■eelltge  PuMicaliom.  No.  105,  p.  178. 
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sextant  and  watch,  before  and  after  the  eclipse,  furnish  time 
for  the  eclipse  as  accurately  as  observations  with  transit  and 
chronometer  made  on  the  stars  during  the  preceding  and  fol- 
lowing night,  especially  if  there  are  considerable  changes  in 
temperature  from  night  to  day  and  day  to  night. 

When  Mr.  Campbell  was  in  Madrid  he  arranged  with 
Director  Ixiguez  to  send  electric  time-signals  from  the  standard 
clock  of  the  Madrid  Observatory  to  the  eclipse  station.  Through 
the  kindness  of  the  telegraphic  service  these  signals  were  re- 
ceived satisfactorily  on  several  dates  between  August  3d  and 
August  i6th,  inclusive.  The  longitude  as  obtained  from  these 
signals  and  the  local  time  observations,  the  latitude  obtained 
from  circum-meridian  altitudes  of  the  Sun,  and  the  altitude 
above  sea  based  upon  the  figures  published  for  the  railway  at 
Alhama,  are 

Longitude  =  7™  36*  =  i**  54'  00"  W.  of  Greenwich. 
Latitude  =  +41°  1/  40". 
Altitude  =  2,200  feet  =  670  meters. 

The  station  was  almost  exactly  on  the  central  line  of  the 
shadow. 

The  computed  times  of  beginning  and  ending  of  totality, 
based  upon  American  Ephemeris  data,  determined  by  Messrs. 
KoBB,  Olmsted,  and  Campbell,  were 

IL  1^  ii">  23",  Greenwich  M.  T. 
Ill,  I     15     08 

The  signal  that  totality  w-as  complete  was  given  by  Mr. 
Perrixk,  based  upon  naked-eye  observation,  at  i**  11™  O/*, 
Greenwich  mean  time.  Dr.  Dugan,  who  was  observing  the 
diminishing  crescent  on  the  plate-holder  of  the  40-foot  camera, 
estimated  that  totality  occurred  between  one  and  two  seconds 
earlier.  We  think  it  is  entirely  possible  that  the  very  bright 
prominence  near  the  point  of  second  contact  may  have  influ- 
enced the  naked-eye  observation,  and  i**  11°*  o6*  is  perhaps  the 
time  to  be  adopted.  The  Sun  reappeared  at:  i^  14™  45*.  The 
duration  was  therefore  3°^  39*,  or  six  seconds  less  than  that 
given  by  the  American  Ephemeris.  Totality  began  17  seconds 
earlier  and  ended  23  seconds  earlier  than  the  predicted  times. 
The  middle  of  the  eclipse  thus  occurred  20  seconds  earlier  than 
expected.     There  seems  to  be  no  escaping  the  fact  that  the 
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Moon  was  far  aheail  ol  its  prcdicied  right  ascension.  Time- 
signals  received  on  six  days  directly  from  the  Madrid  Observa- 
tory made  a  serious  discrepancy  in  the  adopted  longitude 
impossible,  and  it  agrees  exactly  with  that  read  ofif  from  the 
excellenl  large  scale  map  of  the  Province  of  Zaragoza  pre- 
pared by  the  (.leographical  Engineers,  and  presented  to  us  by 
the  Government  of  Zaragoza.  V«ry  accordant  sextant  ob- 
servations for  time  had  been  secured  at  8:io  a.  m.,  10:40  A.  u., 
and  3:10  p.  M.  of  the  eclipse  day,  and  this  element  could  not 
be  in  error  by  as  much  as  one  second.' 

This  was  a  "  dark "  eclipse,  notwithstanding  the  light 
diffused  by  the  clouds,  It  was  very  much  darker  than  those 
of  India.  1898,  and  Georgia,  1900,  and  darker  than  that  of 
1901  in  Sumatra,  The  amount  of  cloudiness  at  the  two  stations 
in  1901  and  1905  was  not  very  different.  At  the  former  eclipse 
Mr.  Pekrine  could  read  the  figures  in  a  table  of  Ic^arithms 
easily,  while  at  the  latter  he  had  to  look  closely  to  distinguish 
,  them. 

■       The  eighteen  instruments  of  observation  were  mounted  in 

gaSx  groups,  each  group  depending  upon  one  driving-clock.    The 

I  six  groups  were  so  situated  that  alt  the  observers  could  hear 

the  time-counter,  who  occupied  a  central  position  with  reference 

to  them. 

TIME   SlfiNALS. 
In  charge  ol  Mr.  Cbablks  M.  Oum5Thd. 

Each  of  the  three  expeditions  was  provided  with  a  pendu- 
Elim,  consisting  of  a  rod  and  a  heavy  flat  lead  disk,  which 
could  be  adjusted  to  one-second  period.  The  Spanish  pendu- 
lum, supported  by  a  stout  bracket  on  a  heavy  timber  post, 
was  set  in  motion  shortly  before  totality.  Beginning  with  the 
swing  following  the  signal  for  totality,  Mr,  Olmsted  counted 
"One,  two.  three,  four,  .  .  ."  until,  after  the  reappearance  of 
the  Sun,  the  pendulum  counts  had  been  compared  twice  with 

Ie  watch  and  recorded.    This  method  was  entirely  satisfactory. 


^pbtn 


FORTY-FOOT    CAMERA. 
>[  Dr.  DucAN.  muisicd  by  Prolcsior  Lavill*. 

The  outside  general  features  of  this  instrument,  designed 
■  Professor  Schaeberle  for  observing  the  eclipse  of  1893, 

ot  Ihtm  niH«l  ihit  loULliy  occurred  som*  twenty  lecondB 
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arc  shown  in  the  reproduced  photograph  of  the  station.  In 
this  camera  the  Clark  lens  of  5-inch  aperture,  the  combination 
tube  of  iron  and  cloth,  and  the  plate-carriage  moving  by  clock- 
work on  an  accurately  curved  metal  track,  are  supported  entire- 
ly independently  of  each  other.  The  lens  is  mounted  on  the 
top  of  a  stronp^  interior  tower,  surrounded  by  a  cloth-oovered 
outer  tower,  whose  duties  are  to  support  the  upper  end  of  the 
camera  tube  and  to  prevent  the  wind  from  shaking  the  inner 
tow^er :  a  system  of  lens  support  devised  by  Mr.  Campbell  to 
meet  conditions  on  the  plains  of  India  in  1898.  With  this  form 
of  support  the  camera  can  easily  be  pointed  near  the  zenith  if 
necessary  (as  in  Sumatra  by  Mr.  Perrine  in  1901)  ;  and  the 
advantage  of  having  the  lens  at  a  good  height  above  the  radi- 
ating soil  is  preserved.  The  towers  are  easily  constructed, 
the  various  parts  of  the  camera  are  quickly  put  into  their 
approximate  positions  from  simple  computations,  and  the  final 
adjustments  are  readily  made. 

The  Sun's  altitude  at  Albania  was  55°,  and  the  center  of 
the  lens  was  32  feet  8  inches  :=  9.96  meters  above  the  center 
of  the  photographic  plate. 

Ten   exposures   were   made   on    Seed    No.   27   plates,   as 

follows : — 


Xo.  I,  y^  second,  before  count  "one" 
2,     I       **         from  o™  07*  to  o™  o8» 

o    18 
o    32 


3>    4  o    14 

4,    8      •'  "     o    24 


5.  64  ••  '•     o  44 

6.  64  '■  ••      I  58 

7.  8  ••  "3  12 

8.  2  '•  '•     3  25 


tt  << 


9.     I  3    35 


*  I  48 
'  3  02 

*  3  20 

*  3  27 
'  3  36 


10,  V,      '*  '*     3    41     "  3    4iJ^ 

The  two  r)_|.-sccon(l  exposures  were  on  plates  18  X  22  inches, 
and  the  other  exposures  on  i)lates  14  X  17  inches.  Plates 
Xos.  4.  5.  and  9  had  "  standard  square  "  exposures  made  near 
one  cnrner  of  each  nf  ihem  at  Mt.  Hamilton  in  May  by  means 
of  a  Hefner  amyl-acetate  lamp,  kindly  loaned  for  the  purpose 
by  the  Department  of  Physics  of  the  University  of  California. 
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^ese  squares  are  iiitemled  as  a  basis  for  a  photometric  study 

E  ihe  coronal  images. 
When  the  negatives  were  developed  we  were  relieved  to 
'  find  that  the  clouds  had  exerted  no  bad  effects  upon  their 
quality :  the  obscuration  had  simply  reduced  the  effective 
coronal  intensity  without  spoiling  the  definition.  The  "  seeing  " 
had  been  good,  and  the  negatives  were  of  great  excellence.  The 
longer  coronal  streamers  were  recorded  out  to  about  one  solar 
diameter  from  the  Sun's  edge.  The  details  of  the  great  prom- 
inences on  the  eastern  limb, of  a  few  of  the  smaller  prominences. 
of  the  coronal  arches  over  the  prominences,  and  of  tlie  coronal 
structure  are  of  great  interest.  The  streamers  were,  in  general, 
of  substantially  equal  lengths  at  all  points  of  the  solar  limb. 
Those  of  more  than  average  lengths  seemed  not  to  be  specially 
related  to  the  great  streamers  visible  at  times  of  sun-spot 
minima.  The  present  corona  was  a  "maximum"  one.  An 
attempt  has  been  made  to  reproduce  one  of  the  one-second 
negatives  by  heliogravure  process,  in  the  accompanying  illustra- 
tion. The  great  prominence  is  shown,  though  with  serious  loss 
in  sharpness,  but  the  rich  details  of  coronal  structure  are  com- 
pletely lost.  Tt  seems  impossible  to  reproduce  coronas  by 
mechanical  processes,  with  any  approach  to  justice  to  the 
subject- 


I 


The  former  of  these  has  a  Dallmcyer  quadruplet  objective, 
aperture  6  inches  and  focal  length  33  inches.  The  latter  has 
a  Clark  objective,  5  inches  aperture  and  67  inches  focus.  Both 
cameras  were  mounted  on  a  clock-driven  polar  axis,  which  also 
carried  two  spectrographs,  to  be  described  later. 

Seven  exposures  were  made  with  each  camera,  the  ex- 
posures with  the  two  instruments  beginning  and  ending  at 
the  same  instants  to  avoid  jarring.  They  were  as  follows,  on 
Seed  plati 

5,   16  seconds 


24  Publications  of  the 

These  negatives  have  recorded  the  longer  coronal  streamers 
out  to  a  distance  of  about  two  solar  diameters  from  the  limb 
of  the  Sun.  They  likewise  were  not  injured  by  the  clouds, 
and  they  will  be  very  valuable  in  a  study  of  the  middle  and 
outer  coronal  forms.  The  attempted  reproduction  of  one  of 
the  Floyd  negatives  shows  only  the  general  features  of  the 
corona,  and  fails  completely  to  reproduce  any  of  the  exquisite 
detail  of  the  original. 

THE   INTRAMERCURIAL-PLANET   CAMERAS. 

In  charge  of  Mr.  Pbrrinb,  assisted  by  Messrs.  Grbvb,  IbaiIbz,  Hernandez,  and 

Hbrrbros. 

The  search  for  an  intramercurial  planet  was  to  be  carried 
on  with  lenses  exactly  similar  to  those  used  at  the  Labrador 
and  Eg>'pt  stations  and  to  those  used  in  Sumatra  in  1901  • 
3  inches  aperture  and  11  feet  4  inches  focus,  constructed  by 
Alvan  Clark  &  Sons.  The  region  to  be  photographed 
comprised  an  area  29°  long,  in  the  direction  of  the  Sun's 
equator,  by  ^V^"  wide.  The  Sun  was  in  the  center  of  this 
region.  Four  cameras  were  fastened  together  rigidly  and 
mounted  on  a  clock-driven  polar  axis  so  as  to  cover  the  entire 
region,  using  plates  18  X  22  inches  in  size.  Two  sets  of 
exposures  as  long  as  possible  furnished  duplicate  plates  for 
the  detection  of  defects. 

The  programme  was  carried  through  at  the  time  of  the 
eclipse  as  planned.  The  clouds  interferred  to  such  an  extent, 
however,  that  it  is  not  believed  that  the  photographs  will  add 
anything  to  the  results  obtained  at  the  Sumatra  eclipse.  The 
negatives  have  not  yet  been  closely  examined. 

The  intramercurial  apparatus  is  shown,  in  the  illustration 
of  the  camp,  to  the  right  of  the  40-foot  camera,  though  on  a 
small  scale.  The  corresponding  apparatus  of  the  Labrador 
expedition  is  shown,  on  a  larger  scale,  in  these  Publications 
(Xo.  105,  p.  180),  and  that  of  the  Eg}'ptian  expedition  in  the 
present  number  (p.  37).  The  three  mountings  were  designed 
by  Mr.  Perrine  and  constructed  under  his  immediate  super- 
intendence.    They  were  very  rigid  and  worked  well. 

OBJECTIVE-PRISM    SPECTROGRAPH    WITH   STATIONARY   PLATES. 

In  charge  of  Professor  Hartmann. 

The  purpose  of  this  instrument  was  to  secure  a  series  of 
photographs  of  the  changing  spectrum  of  the  Sun's  edge  at 
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ear  ihe  times  of  beginning  anil  ending  of  totalily,  in 
laccordance  with  tlie  niethotl  first  used  successfully  by  Mr. 
r  SuACKLETON  at  the  eclipse  of  1896.  The  spectrum  of  the 
\  reversing  layer,  i.  c.  the  "  flash  spectrum  "  near  the  beginning 
t  and  end,  was  especially  desired. 

The  optical  parts  of  the  instrument  consisted  of  two  ob- 
I  jective-prisms  of  moderately  dense  flint  glass,  refracting  angle 
1 60°,  refracting  edges  2%  inches  long,  with  faces  3^4  and  3^ 
inches  long,  respectively,  placed  immediately  in  front  of  a 
triple  lens,  aperture  2j4  inches,  focal  length  60  inches,  corrected 
for  Hy  central.    The  plate-holder,  holding  seven  Seed  No.  27 

I  plates,  each  1  ^  X  10  inches,  was  carried  in  a  long  slide.  ■ 
Brass  racks  fastened  to  the  back  of  the  plate-holder,  and  pinions 
supported  by  the  slide  and  working  in  the  racks,  were  the 
simple  means  of  giving  motion  to  ihe  plate-holder.  .\s  soon  as 
Bn  exposure  had  been  made  on  one  narrow  plate,  one  rotation 
of  the  pinions  (by  means  of  a  small  crank)  brought  the  next 
narrow  plate  into  position.  The  exposing  shutter  was  a  simple 
flap  of  zinc  directly  in  front  of  the  sensitive  plate.  The  mount- 
ing of  the  instrument  was  of  sugar-pine  wood,  and  it  was 
supported  upon  timbers  set  in  stone  and  cement.  The  spectro- 
graph received  its  light  from  the  r5-inch  plane-mirror  of  a 
ccelostat  kindly  loaned  to  the  expedition  by  the  Verkes  Ob- 
servatory. The  various  parts  of  the  instrument  were  adjusted 
to  each  other,  and  the  instrument  as  a  whole  was  adjusted  to 
bring  the  Hy  region  approximately  to  the  center  of  the  plate 

»and  the  length  of  spectrum  parallel  to  the  edge  of  the  plate 
several  days  before  the  eclipse.  It  was  brought  into  final 
position  a  few  minules  before  totality. 

In  accordance  with  Mr.  Campbell's  instructions,  it  had 
been  intended  to  make  the  first  exposure  several  seconds  before 
totality,  to  record  the  Fraunhofer  spectrum,  and  to  begin  the 
Lsecond  exposure  at  three  seconds  before  totality,  to  record  the 
d3asb  spectrum.  The  coming  of  totality  17  seconds  before 
t  had  been  expected  interfered  with  carrying  out  this  pro- 
gramme, but  fortunately  Dr.  Hartmann,  who  was  watching 
■  progress  of  the  eclipse  with  a  small  hand  spectroscope, 
recognized  its  earlier  arrival,  and  made  his  first  exposure  lliree 
inds  before  totality,  with  estimated  duration  o'.4.  Develop- 
ttient  of  the  plate  showed  that  the  photosphere  was  still  visible 
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on  one  section  of  the  Sun's  limb,  but  that  the  reversing  layer 
was  isolated  from  the  photosphere  on  an  adjoining  section. 
The  result  is  a  magnificent  photograph,  showing  the  continuous 
and  dark-line  spectrum  for  one  section  and  the  bright-line 
spectrum  (many  hundreds  of  bright  crescents)  for  the  other 
section.  The  plate  is  in  splendid  focus  from  about  A  4800  to 
A  3700.  The  H)8  bright  line  near  one  end  of  the  plate  is 
out  of  focus,  unavoidably,  just  enough  to  make  it  clearly 
doubled. 

The  seven  exposures  made  by  Dr.  Hartmann  were: — 

Xo.  I,  Exp.      o".4,  three  seconds  before  totality. 

2,  "         o  .4,  immediately  after  totality  began. 

3,  **  60  .0,  from  o"  I2«  to  I"  I2». 

4,  **  120 .0,  from  I      16    to  3     16 

5,  "         3  .0,  after  totality  was  over. 
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Plate  No.  2  shows  the  high-level  bright  lines.  Plate 
Xo.  5  is  overexposed  for  the  continuous  spectrum,  but 
shows  the  flash  spectrum  well  on  one  side  of  the  Fraunhofer 
spectrum. 

A  study  of  this  very  successful  series  of  photographs, 
involving  much  labor,  should  supply  extensive  and  accurate 
information  as  to  the  structure  of  the  reversing  layer. 

OBJECTIVE-PKISM    SPIXTROGRAPIl    WITH     MOVING    PLATE. 

In  charKe  of  Professor  Arrhknius. 

I^hotographs  of  the  reversing-layer  spectrum,  taken  in  the 
usual  manner  with  objective-prism  instruments,  such  as  that 
described  in  the  preceding  paragraphs,  are  integrated  effects. 
Changes  taking  place  during  the  exposure  are  not  differenti- 
ated, and  changes  taking  place  between  exposures  are  entirely 
lost.  A  continuous  record  of  the  changing  spectrum  is  a  great 
desideratum.  A  simple  addition  to  the  objective-prism  spectro- 
graph enables  this  to  be  obtained  for  a  short  length  of  solar 
limb.  The  usual  reversing-layer  spectrum  consists  of  a  series 
of  crescents,  each  crescent  an  image  of  the  uneclipsed  portion 
of  the  Sun.  A  slit  running  centrally  through  the  spectrum, 
placed  all  but  in  contact  with  the  photographic  plate,  permits 
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a  short  central  section  of  each  crescent  to  fall  u[xja  the  plate. 
It  the  plate  is  given  a  slow  continuous  motion  by  suitable  me- 
chanical means,  a  fresh  part  of  the  plate  will  be  brought  under 
the  slit,  and  the  changing  spectrum  will  he  recorded  continu- 
ously. This  method  was  dtivised  and  used  by  Mr.  Campbell 
in  India  in  1898  and  in  Georgia  in  1900.  At  the  latter  eclipse 
an  exposure  beginning  about  10  seconds  before  the  end  of 
totality,  and  continuing  until  12  seconds  after  totality  was 
over,  recorded  more  than  nine  hundred  bright  lines  and  their 
succeeding  dark  lines. 

The  instrument  used  by  Professor  Akrhenius  was  equipped 
in  the  manner  just  described.  The  two  objective  prisms  were 
of  moderately  dense  flint  glass,  Jena  No.  0,102,  refracting  angle 
63°  27',5,  length  of  refracting  edge  2  inches,  lengths  of  faces 
3.47  and  3,95  inches,  respectively.  The  triple  lens  had  aperture 
2^  inches  and  focal  length  60  inches.  The  slit  in  front  of 
the  plate  was  0.05  inch  wide  and  9}-^  inches  long.  ■  The  plate- 
holder  was  moved  by  a  hydraulic  piston  actuated  by  a  weight, 
modeicil  after  the  piston  of  the  Potsdam  spectroheliograph, 
The  controlling  valve  was  regulated  to  a  speed  of  about  0.06 
inch  per  second. 

It  had  been  intended  to  secure  a  moving  photograph  ex- 

inding  from  12  seconds  before  to  12  seconds  after  the  instant 

jof  totality,  and  a  similar  photograph  from  12  seconds  before 

12  seconds  after  the  end  of  totality.    The  first  of  these  was 

Kprevented  by  the  arrival  of  totality  17  seconds  earlier  than  was 

B*xpected,  but  the  second   exposure,   extending   from   3"  33' 

57"  after  totality  began,  was  entirely  successful.     The 

^hanging  spectrum  is  shown  admirably  through  all  the  phases 

'  from  high-level  strong  bright   lines,  through   the  bright-line 

stage  of  the  reversing  layer,  and  into  the  ordinary  dark-line 

stage.     There  are  six  or  eight  hundred  lines  recorded  in  the 

I  region  A  3800  -  A  5200,  with  Hy  centra!  on  the  plate. 

During  totality  the  slit  in  front  of  the  plate  was  rotated  to 
;  side  of  the  field  of  view,  and  the  full  prismatic  image  fell 
I  the  plate,  from  1"  to  3"  after  the  beginning  of  totality. 
The  coronal  rings  at  A  4231  and  A  3987  are  strongly  recorded. 
3r  this  exposure  the  plate  was  fixed  in  position. 
This  spectrograph  also  received  its  light  from  the  Yerkes 
Observatory  coelostat  mirror. 
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LLTKA-VIOLET    SPECTROGRAPH,    WITH     MOVING    PLATE. 
In  charge  of  Mr.  Campbbll,  assisted  by  Dr.  Kobb. 

In  order  to  extend  further  into  the  violet  the  study  of 
the  reversing-layer  spectrum  with  a  continuously  moving  plate, 
a  spectrograph  was  constructed  whose  optical  parts  should  be 
efficient  for  ultra-violet  light,  as  follows :  Two  objective  prisms 
of  Jena  ultra-violet  glass  No.  3199,  refracting  angles  60^, 
refracting  edges  60™™,  and  lengths  of  faces  100™™  and  i  lo""^, 
respectively.  A  special  lens  of  ultra-violet  glasses,  aperture 
(35nim  and  focal  length  2000™™.  A  coelostat  mirror  of  Schroe- 
der's  metal  No.  i,  diameter  no™™  and  thickness  15°*™,  attached 
to  the  lower  end  of  the  Lick  Observatory  coelostat's  polar 
axis. 

The  foregoing  parts  were  ordered  from  Carl  Zeiss  in 
October,  1904,  delivery  promised  in  February,  1905.  As  they 
did  not  reach  Mt.  Hamilton  until  the  first  week  in  June,  after 
the  necessarily  unfinished  wooden  mounting  was  packed  for 
shipment,  the  instrument  was  completed  in  Spain  with  time 
that  could  ill  be  spared  for  the  purpose. 

The  plate-holder  was  moved  by  a  weighted  piston,  as  in 
the  case  of  the  preceding  spectrograph  operated  by  Professor 
Arrhenr'S. 

This  ultra-violet  spectrograph  is  shown  in  position  at  the 
observing  station  in  the  accompanying  illustration.  The  Lick 
Observatory  ccelostat,  seen  in  the  same  photograph,  carries  .1 
12-inch  flat  mirror  by  Petitdidier,  as  well  as  the  Schroeder's- 
metal  mirror. 

The  exposures  planned  for  this  spectrograph  were  identical 
with  those  for  Professor  .\kRiiENius's  instrument.  Those 
actually  made,  on  account  af  the  earlier  arrival  of  totality, 
were  identical  with  his  for  the  exposure  with  fixed  plate,  from 
jm  tQ  ^^ni   j^i^^i  f(jj-  ^1^^.  exposure  with  moving  plate,  3™  33*  to 

3™  57^-  The  thin  clouds  interfered  with  the  passing  of  ultra- 
violet light :  and  while  the  record  extends  to  perhaps  A  3200. 
the  spectrum  is  weak  in  intensity,  only  the  stronger  ultra-violet 
lines  being  shown.  The  dispersion  of  the  ultra-violet  glass  is 
very  low :  the  linear  dis[)ersion  of  A  3200  and  A  5200  is  but 
,-Qinm   f^j.  ^1^^,  t^y()  (3qO   prisms  and   focal  length  of  camera 

2000°^™. 

The  exposure  with  fixed  plate  recorded  two  strong  coronal 
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Tings,  at  A  3388  ami  A  3456,  which  have  been  noted  by  several 
observers  since  1898, 

Great  care  was  taken  in  focusing  the  objective-prism  spec- 
trographs, by  the  following  method : — 

A  parabolic  silver-on-glass  reflector,  diameter  10  inches 
and  focal  length  10  feet  2  inches,  by  Petitiudier,  was  mounted 
in  a  horizontal  tube  of  seasoned  wood,  and  pointed  to  the  mirror 
of  the  ccelostat  in  such  a  position  that  the  rays  from  a  bright 
star  (parallel  light)  would  cover  the  parabolic  mirror  and 
be  brought  to  a  focus  on  its  axis.  This  focal  point  was  deter- 
mined very  accurately  by  photography.  A  spectroscope  slit 
was  then  mounted  with  its  surface  exactly  in  this  focus.  An 
iron  electric  spark  from  electrode?  a  few  inches  out  from  the 
slit  was  focused  on  the  slit.  The  cone  of  rays  passing  through 
the  slit  completely  covered  the  parabolic  mirror.  The  spectro- 
graph to  be  focused  was  mounted  with  its  first  prism  just  to 
one  side  of  the  slit  so  that  the  (parallel)  rays  from  the  mirror 
would  cover  the  prism,  and  the  ray  of  desired  wave-length 
he  brought  to  the  center  of  the  photographic  plate.  The  usual 
methods  of  focusing  the  plate  were  then  applicable.  The  entire 
■rocess  worked  well  and  was  exceedingly  convenient. 


OBJECTIVE   GRATING   Sl-ECTRIIGHAPH 


This  instrument,  shown  just  beyond  the  ultra-violet  spectro- 
grapli  in  the  illustration,  received  its  light  from  the  Lick 
Observatory  ccelostat.  A  plane  Rowland  grating,  14,438  lines 
to  the  inch,  set  for  the  third  order,  received  the  light,  and 
returned  it  through  a  (visual)  camera-lens  2^-inch  aperture, 
2o;'j-inch  focal  length,  to  a  Cramer's  isochromatic  plate.  The 
region  of  the  green  coronal  ring  at  X5303  was  central  in  the 
field.  A  yellow-green  color-screen  was  fastened  immediately 
in  front  of  the  plate  to  cut  out  the  overlapping  spectrum.  The 
purpose  of  the  exposure,  extending  throughout  the  total  phase, 
was  to  record  the  green  ring,  in  order  to  determine  whether 
the  layer  giving  rise  to  its  light  was  uniformly  distributed 
around  the  Sun,  or  not.  Owing  partly  to  the  clouds  and  partly 
to  the  light-consuming  properties  of  the  optical  train,  the  image 
of  the  ring  secured  is  exceedingly  faint,  and  not  much  can 
be  said  from  it  as  to  the  law  of  distribution,  but  there  is  little 
doubt  that  the  ring  is  of  quite  irregular  intensity. 
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The  distribution  at  other  recent  eclipses,  at  times  of  sun-spot 
minimum,  was  exceedingly  irregular. 

THKEE-PRISM    SLIT   SPECTROGRAPH. 
In  charge  of  Mr.  Palmer. 

The  purpose  of  this  instrument  was  to  determine  the  wave- 
length of  the  green  coronal  line  near  A  5303.  It  was  mounted 
on  a  clock-driven  polar  axis,  pointed  directly  toward  the  Sun, 
and  received  its  light  from  an  image-lens  (visual)  of  aperture 
i}^  inches  and  focus  loj/^  inches.  The  slit-jaws  were  curved 
to  a  radius  of  3.30  inches  to  make  the  recorded  spectrum  lines 
straight  for  ease  and  accuracy  in  measurement.  It  was  placed 
east  and  west  across  the  Sun's  image.  The  collimator-lens 
(visual)  was  of  2>^-inch  aperture  and  20^  inches  focus.  The 
three  extra  dense  flint  prisms  had  refracting  angles  of  60**, 
refracting  Kt(\^<t  2%,  2^4,  and  234  inches,  respectively,  and 
length  of  faces  ^^^  inches.  The  deviation  for  A  5303  was 
169'  36'.  The  triple  camera-lens  (visual)  had  aperture  2% 
inches  and  focal  length  205^  inches.  A  movable  diaphragm 
in  front  of  the  slit  had  six  holes  so  arranged  that  the  coronal 
spectrum  from  the  east  limb  of  the  Sun  would  have  a  sky 
spectrum  on  either  side  of  it  for  comparison,  and  similarly 
for  the  coronal  spectrum  on  the  west  limb. 

The  images  of  the  green  line  on  the  plate,  exposed  through- 
out totality,  arc  likew-ise  very  faint,  and  capable  only  of  ap- 
proximate measurement. 

SINGLE-PRISM    SPECTROGRAPH. 
Ill  charge  of  Mr.  Palmer. 

This  instrument  was  mounted  beside  the  one  just  described, 
and  received  its  light  in  the  same  way.  Its  purpose  was  to 
record  the  general  spectrum  of  the  corona. 

The  image  of  the  Sun  on  the  slit  was  formed  by  a  lens  of 
i^ji-inch  aperture  and  13  inches  focus.  The  collimator-lens 
was  of  2  inches  aperture  and  32  inches  focus,  corrected  for  Hy. 
The  prism  was  of  Jena  glass  No.  0.102,  angle  63°  2j\  refract- 
ing cd^e  2^4  inches,  length  of  face  4.55  inches.  The  camera- 
lens  was  of  aperture  2  1/16  inches  and  focal  length  12  inches, 
corrected  for  118.  The  region  between  Hy  and  H8  occupied 
the  center  of  the  field. 

The  exposure  continued  throughout  the  total  phase.     The 
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spectrum  is  strongly  recorded.  That  of  the  inner  corona  shows 
no  Fraunhofer  dark  lines,  whereas  they  are  strong  in  the 
spectrum  of  the  outer  corona.  They  are  also  shown,  less 
strongly,  on  the  area  occupied  by  the  Moon.  It  is  thus  clear 
that  our  own  atmosphere,  or  perhaps  the  clouds,  diffused  the 
hght  to  a  considerable  extent,  and  the  resuUs  are  more  difficult 
to  interpret  on  that  account. 


THE 
n  ebar»eot  ProtesMir  McKinhi 


AND    I'll OTU METER, 


I.  Pkrrinb,  ■ 

The  observations  of  the  polarized  light  in  the  corona  of 
1901.  with  a  double-image  prism,  were  very  ■successful.  Owing 
to  ihe  dispersion  of  the  prism,  however,  and  to  the  small  scale 
of  the  images,  it  was  not  possible  to  measure  the  intensities  with 
the  necessarj'  accuracy  for  determining  reliable  values  of  the 
polarization.  In  addition  to  the  double-image  camera,  which 
was  again  used,  new  apparatus  was  designed  by  Mr.  Perrine 
for  polarization  obser\'ations  at  the  recent  eclipse.  Thref 
cameras  composed  this  apparatus.  Two  of  these  had  plane- 
glass  reflectors  in  front  of  the  objectives  to  serve  as  analyzers, 
while  the  third  camera  was  used  to  secure  an  unpolarized  image 
of  the  corona  as  a  standard  of  comparison.  The  aperture  of 
this  direct  camera  was  reduced  so  that  the  image  obtained  with 
it  would  be  of  approximately  the  same  intensity  as  an  (iin- 
polarxzcd)  image  with  the  other  two  cameras,  after  reflection 
from  the  plane-glass  surfaces.  The  plane-glass  analyzers  were 
set  at  the  angle  of  maximum  polarization.  Their  principal 
axes  were  adjusted,  one  parallel  to  a  north -and -south  line  and 
the  other  10  an  east-and-west  line,  through  the  corona.  In 
this  way  polarization  was  observed  along  four  different  radii 
of  the  corona.  The  three  cameras  have  focal  lengths  of  50 
inches,  which  give  images  of  the  corona  2j^  times  the  diameter 

I  of  that  obtained  with  the  double-image  camera.  The  four 
polarigraphs  were  mounted  on  one  polar  axis. 
The  performance  of  these  cameras  was  highly  satisfactory, 
Zliey  yielded  sharp  images,  which  are  of  sufficient  size  to  permit 
Btite  accurate  determinations  of  intensity  to  be  made. 
S  Four  sets  of  negatives  were  secured  with  these  instruments, 
with  exposures  of  i,  4.  20.  and  115  seconds.  Of  these  the 
l-second    and    ii5-5econd    series   are    unsuitable    fur    the   best 
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results,  owing  pardy  to  the  diffused  light  from  the  clouds, 
which  affected  the  sky  background  differently  in  the  different 
cameras.  This  effect  was  enhanced  in  the  case  of  the  first 
series  by  some  of  the  slides  having  been  drawn  unnecessarily 
early. 

The  4-second  and  20-second  series  are  well  suited  for 
accurate  determinations  of  the  amount  of  polarized  light  in 
the  inner-middle  aitd  middle  corona.  No  numerical  results 
have  yet  been  obtained,  as  special  apparatus  is  necessary  for 
the  photometric  measurement  of  these  negatives.  The  polariza- 
tion is  well  marked,  however. 

An  effort  was  made  to  compare  the  brightness  of  the  corona 
with  that  of  the  full  Moon  by  impressing  a  series  of  standard 
squares  near  the  ends  of  two  dr>'  plates,  with  the  Moon  as 
the  source  of  light,  and  then  exposing  the  central  portion  of 
each  plate  to  the  light  of  the  corona  in  a  suitable  camera, 
Zinthout  any  lens.  This  camera  was  arranged  to  admit  the 
light  from  a  circular  area  of  sky  4**  in  diameter,  the  corona 
being  in  the  center. 

Two  exposures  were  made  during  the  eclipse  of  14  seconds 
and  50  seconds,  respectively. 

It  will  be  necessary  to  determine  the  effect  of  the  clouds 
and  of  the  sky  background  before  any  definite  result  can  be 
arrived  at. 

The  negatives  were  developed  at  the  station  on  the  four 
days  and  nights  following  the  eclipse,  simultaneously  with 
the  dissecting  and  packing  of  the  instruments.  It  was  a  satis- 
faction to  find  so  large  a  proportion  of  the  photographs  of 
such  excellent  quality,  notwithstanding  the  clouds.  A  cloud 
of  any  kind  over  the  Sun  at  an  eclipse  looks  pretty  thick  to 
those  who  have  been  preparing  for  fourteen  months  to  obsen^e 
the  event ! 

The  photographs  and  instruments,  carefully  packed  for 
the  long  journey  home,  were  shipped  from  Alhama  on  the 
evening  of  September  3d  to  Barcelona  and  thence  by  steamer 
sailing  directly  to  New  York.  Farewell  visits  to  the  officials 
of  Alhama,  the  settling  of  accounts,  and  the  closing  of  a 
voluminous  correspondence  terminated  our  eclipse  duties 
abroad. 
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An  eclipse  expedition  to  a  distant  country  is  a  complex 
matter.  A  large  number  of  delicate  scientific  instruments  are 
to  be  made  ready,  and  tested  at  home,  with  reference  to  their 
fitness  for  securing  observations  demanded  in  the  solution  of 
definite  solar  problems.  Their  transport  by  wagon,  rail,  and 
ship  to  and  from  the  distant  station,  to  insure  that  they  shall 
arrive  safely  and  on  time,  must  be  the  subject  of  much  thought 
and  anxiely.  The  construction  and  operation  of  the  station  will 
require  liundreds  of  tools  and  items  of  supply,  and  to  have 
Ihem  one  must  take  them  with  him.  There  arc  the  observers 
to  arrange  for  and  train  to  the  programme.  All  the  instruments 
and  all  the  obser\'ers  must  do  their  parts,  not  at  some  time 
when  it  is  convenient,  but  on  a  given  day,  minute,  and  second. 
The  astronomer  charged  with  the  duty  of  bringing  these  things 
to  pass  is  an  optimist,  for  at  al!  points  where  lie  needs  assistance 
r  there  are  men  ready  to  help  him. 

The    Crocker   expeditions   are    deeply    indebted    to    many 
institutions-  and  people. 

During  the  months  preceding  the  departure  from  Mt 
Hamilton  the  Director  was  especially  indebted  to  His  Ex- 
L  cellencY  William  McGregor,  Governor  of  Newfoundland; 
I  to  Hon.  Benjamin  H.  Ridgely,  U.  S.  Consul-General  at 
Barcelona;  and  to  Captain  H.  G.  Lyoks,  R.  E.,  Director- 
General  of  the  Egyptian  Survey ;  all  of  whom  frequently 
supplied  information  of  great  value. 

Harvard  College  Observatory   loaned   four  intramercurial 
lenses  for  use  in  Labrador. 

Princeton    University    loaned    a   lens,    5    inches   aperture, 
^B40-foot  focus,  for  use  in  Labrador. 

^^L-     The  University  of  Illinois  loaned  a  sextant  and  a  iher- 
^Wnograph  for  use  in  Labrador. 

^B      The  Yerkes  Observatory  loaned  a   i6-inch  ccelostat  com- 
^nilete  for  use  in  Spain. 

^V      The  Solar  Observatory  of  the  Carnegie  Institution  loaned 
a  thermograph  for  use  in  Spain. 

The  L'.  S.  Naval  Observatory  loaned  a  5-inch  lens,  focal 
length  40  feet,  for  use  in  Egypt. 

The   Santa   Clara    College   loaned   a    sextant    for   use   in 
|£g>-pt. 


1^ 
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The  following  gentlemen  arranged  for  the  satisfactory 
transport  of  observers  and  freight  from  San  Jose  to  New  York 
and  return : — 

Mr.  James  Horsburgh.  Jr.,  Assistant  General  Passenger 
Agent;  Mr.  G.  W.  Luce,  General  Freight  Agent;  and  Mr. 
Paul  Siioup,  District  Freight  and  Passenger  Agent;  all  of 
the  Southern  Pacific  Company. 

Mr.  L.  J.  Spence,  General  Eastern  Freight  Agent,  Southem 
Pacific  Company,  and  many  of  his  staff  assisted  with  the 
freight  in  and  through  New  York.  Mr.  Pennell,  Dock  Su- 
perintendent of  the  White  Star  Line  extended  favors  in  the 
transport  of  the  Spanish  and  Egyptian  freight. 

Mr.  James  J.  Roche,  U.  S.  Consul  at  Genoa,  had  all 
arrangements  made  for  a  quick  transfer  of  instruments  and 
baggage  to  the  steamer  for  Barcelona,  if  the  "  Romanic  ** 
had  arrived  before  the  hour  of  sailing. 

Sig.  Carlo  Figari,  of  Genoa,  obtained  information  and 
accommodations  for  the  party  and  equipment  on  the  steamer 
"  Jativa "  from  Genoa  to  Barcelona,  and  otherwise  assisted 
in  the  transfer. 

Special  mention  must  be  made  of  the  help  aflforded  by 
Mr.  Benjamin  H.  Ridgely,  U.  S.  Consul-General  at  Barcelona, 
in  supplying  a  great  deal  of  accurate  information  in  the  months 
preceding  our  departure  from  Mt.  Hamilton,  in  expediting  the 
importation  and  exportation  of  the  instruments,  and  in  arrang- 
ing for  the  purchase  of  lumber  and  many  other  supplies.  His 
experience  was  wide,  his  judgment  was  excellent,  and  his 
assistance  was  always  efficient.  We  depended  upon  him  in 
many  wavs. 

His  Excellency  Wm.  Miller  Collier,  the  American  Am- 
bassador at  Madrid,  and  Mr.  Madden  Sommers,  American 
Vice-Consul  at  Madrid,  responded  efficiently  to  requests  for 
information  or  advice. 

Mr.  E.  J.  Molera,  of  San  Francisco,  formerly  of  Spain, 
long  a  valued  friend  of  the  Observatory,  and  a  past  President 
of  the  Astronomical  Society  of  the  Pacific,  held  the  needs  of 
this  expedition  in  mind  from  more  than  a  year  before  prepara- 
tions began  until  it  was  ready  to  leave  San  Francisco.  He  did 
us  many  valuable  services  in  this  country,  still  other  services  in 
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'Spain,  and  his  thoughts  were  with  us  throughout  our  stay  in 
his  native  land. 

Mr.  Moleka's  friend,  Professor  Casares,  of  the  Central 
'University,  Madrid,  whom  we  had  the  pleasure  of  seeing  on 
'Mt.  Hamilton  two  years  ago,  and  the  latter's  friend,  Sr.  D. 
■Arturo  Cuyas,  who  had  lived  in  New  York  for  forty  years, 
together  met  Mr.  Campbell  in  Madrid  before  the  station  was 
selected  and  inaugurated  several  plans  that  proved  helpful. 
At  their  request  the  Minister  of  the  Interior  telegraphed  to 
the  Governor  of  the  Province  of  Zaragoza  that  we  were  coming 
into  his  territory,  and  asked  that  he  issue  suitable  instructions 
to  the  Alcalde  of  Alhama  to  supply  our  wants  as  far  as  possible. 
In  the  same  way  instructions  were  issued  to  the  Guardia  Civil 
to  have  an  eye  to  our  safety  wherever  our  work  might  carry  us, 
Sr.  Cuyas  and  Professor  CASAkts  kept  us  in  mind  during 
ir  entire  stay  in  Spain,  and  came  to  help  in  the  observations, 
le  expedition  is  deeply  indebted  to  these  gentlemen. 
Sr.  D.  V.  Luis,  Director-General  of  the  Madrid,  Zaragoza, 
and  Alicante  Railway,  arranged  most  kindly  to  expedite  the 
shipments  of  the  apparatus  from  Barcelona  to  Alhama  and 
Tclum,  by  ordermg  that  they  should  come  by  "  mixed  train," 
instead  of  by  slow  freight,  without  additional  expense. 

To  Director  Iniguez,  of  the  Madrid  Observatory,  we  were 
idebted  for  time  signals  and  other  scientific  favors. 

Sr.  D.  LisARDO  Herranz,  Alcalde  of  Alhama,  and  Sr.  D. 
iNRiguE  IbaSez,  (he  extremely  capable  Secretary  of  the 
Jilunicipality,  were  deeply  interested  in  the  expedition,  its 
'ork,  and  its  requirements,  and  were  constant  in  their  efforts 
ito  make  it  a  complete  success.  Through  their  kind  offices 
were  made  all  the  arrangements  to  meet  the  local  material 
wants  of  the  expedition.  They  never  permitted  many  days 
to  pass  without  inquiring  as  to  the  progress  of  the  preparations 
Wid  as  to  whether  there  was  any  help  they  could  give. 

The  expedition   received    frequent   favors   from   the   tele- 
graphic offices  of  the  GDvernment,^Sr.  D.  Felipe  Herreros, 
ugent  at  Alhama,  to  whom  our  thanks  are  due. 

Acknowledgments  are  due  to  the  members  of  the  Guardia 
!ivil,  Srs.  Barbajobsa  and  Blasco,  who  went  beyond  the  let- 
•r  of  their  instructions  in  their  zeal  to  avoid  any  misfortunes 
the  instruments  from  mischief-makers  or  otherwise. 
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The  laborers  recommended  to  us  were  splendid.  They  were 
willing,  prompt,  strong,  and  intelligent.  To  the  interested 
help  of  Jose,  Vicente,  Juan,  and  Sebastian  the  expedition 
owed  much. 

To  the  gentlemen  who  journeyed  from  northern  Europe, 
from  the  cities  and  universities  of  Spain,  and  to  those  citizens 
of  Alhama  who  gave  of  their  time  in  order  to  assist  in  the 
observations,  we  desire  to  offer  special  thanks. 

Relieved  of  responsibilities  at  the  close  of  eclipse  duties, 
we  were  psychologically  ready  to  enter  upon  vacation  jour- 
neys. These  were  entirely  apart  from  the  eclipse  expedition, 
and  had  for  their  principal  purpose  the  paying  of  visits  to 
many  of  the  astronomers  and  observatories  of  Europe.  In  com- 
mon with  ourselves,  several  Dutch,  English,  French,  German, 
and  Italian  astronomers  who  had  eclipse  stations  in  various 
parts  of  Spain  journeyed  to  Madrid  after  the  event  was  past, 
where  all  attended  a  splendid  banquet  given  for  them  by 
the  Municipality  of  Madrid,  presided  over  by  the  Alcalde, 
Sr.  D.  Eduarix>  Riguera.  Many  attended  a  bull-fight  as  guests 
of  the  city. 

At  the  end  of  a  few  days  in  Madrid,  Mr.  and  Mrs.  Perrink 
traveled  by  way  of  Granada  and  Gibraltar  to  Naples  for  a  trip 
through  Italy,  Switzerland,  Germany,  Holland,  and  England. 
Mr.  and  Mrs.  Campbell  went  northward  by  way  of  El  Es- 
corial  and  Burgos  to  Switzerland  and  down  the  Rhine  to 
attend  the  Solar  Conference  in  Oxford;  thence  to  central  Ger- 
many and  Pulkowa,  returning  again  to  England  to  sail  from 
Liverpool  on  November  ist  in  company  with  Mr.  and  Mrs. 
Perrine. 

The  effects  of  the  three  expeditions  reached  Mt.  Hamilton 
late  in  November,  all  in  good  order. 
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THE   LICK   OBSERVATORY-CROCKER   ECLIPSE 
EXPEDITION  TO  EGYPT. 


Bv  W. 


Hus 


To  be  charged  with  the  conduct  of  an  ecHpse  expedition  is 
I  duty  always  prized  by  the  astronomer,  not  only  for  the 
^Opportunity  it  gives  to  see  and  sludj'  a  rare  and  beautiful 
phenomenon,  but  also  for  the  advantages  which  come  from 
voyages  to  far  parts  of  the  Earth,  the  experieace  of  new  and 
varied  conditions,  and  the  meeting  with  others  who  likewise 
journey  to  an  unique  errand.  It  therefore  afforded  me  great 
pleasure  to  be  intrusted  with  the  expedition  sent  out  by  the 
.  LJck  Observatory  to  Egypt,  a  country  full  of  interest  in  and 
^r  itself,  and  with  a  background  of  history  the  most  remark- 
ible  known  to  the  world. 

Accompanied  by  Mrs.  Hussey,  I  left  California  early  in 
e  for  a  short  holiday  season  in  Switzerland  and  Italy.  The 
iguipment  for  the  Egyptian  expedition  was  brought  later 
1  that  of  tile  expedition  to  Spain,  by  Professor  Perkine, 
»m  New  York  to  Naples,  where  I  met  him  on  the  arrival  of 
i  steamship  "Romanic,"  on  the  19th  of  July.  The  Egyptian 
eight  was  transferred  by  lighter  to  the  custom-house,  where 
;  remained  for  a  week  in  bond,  until  the  next  sailing  for 
Uexandria. 

A  distinctive  endeavor  of  tlie  Lick  Observatory-  at  the 
t  eclipse  was,  in  addition  to  an  extensive  programme  of 
lotographic.  spectrographic,  and  polarigraphic  work  to  be 
irried  on  at  the  central  station  in  Spain,  to  secure  comparative 
,  respecting  corona!  changes  and  possible  intramcrcurial 
Janets  by  the  establishment  of  terminal  stations  in  Egypt  and 
:  Labrador.  This  fact  gave  triple  interest  to  our  under- 
ing,  keeping  constantly  in  mind  the  thought  of  our  col- 
ics at  the  other  stations,  and  especially  the  contrast  between 
r  conditions  on  the  tropical  borders  with  those  of  the  Labra- 
r  under  the  Arctic  Circle.  There  were  no  icebergs  to  skiit 
■  path  as  our  fruit-laden  ship  steamed  through  the  Strait 
'  Messina  and  down  the  blue  Mediterranean,  tour  days  to 
ftie  south  from  Naples.     No  snow  lay  in  gullies,  nor  heavy 
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mists  hid  the  headlands  when  we  again  sighted  land.  The 
yellow  shores  of  Africa  stretched  long  and  low  in  the  face 
of  a  cloudless  dawn.  The  yellow  bluffs  at  the  right  were 
penciled  with  thin  palms,  erect,  campanulate,  like  the  wands 
that  Cleopatra's  women  held  before  her  when,  in  these  ver}- 
waters,  she  came  down  to  meet  the  Roman  galleys.  But  the 
lantern  of  the  Pharos  on  the  left,  far  less  kin  to  the  ancient 
world,  brought  us  sharply  back  to  the  present  day  and  the 
modem  city  of  Alexandria  before  us,  Oriental  only  in  its 
thronging  street-life  and  in  all  the  costumes  and  colors  of 
the  East. 

The  floating  dock  was  adjusted  by  brown  men  in  bagg>' 
trousers  and  various  lieadgears,  whose  contrasting  features 
betrayed  a  dozen  different  tribes  or  nationalities.  Scarcely 
was  the  ship  moored  when  there  appeared  on  the  deck  two 
Englishmen,  who  came  to  us  as  directly  as  old  acquaintances. 
Captain  H.  G.  Lyons,  R.  E.,  Director-General  of  the  Survey 
Department,  Egypt,  and  one  of  his  Inspectors,  Mr.  B.  F.  E. 
Keeling,  now  the  Acting  Director  of  the  Helwan  Observa- 
tory. Thereupon  began  the  pleasantest  experience  of  being 
"  personally  conducted  *'  we  have  known,  an  experience  last- 
ing to  the  day  of  our  leaving  this  delightful  land.  The  num- 
berless courtesies  afforded  us  by  Captain  Lyons  and  his  staff 
were,  he  assured  us,  *'  by  order  of  the  Egyptian  Government.'' 
Certainly  we  wish  that  the  powers  responsible  might  know  how 
thoroughly  all  the  visiting  expeditions  appreciated  the  favors 
of  which  they  were  the  recipients  during  their  stay  in  the 
country  of  the  Nile. 

In  Cairo  we  passed  some  days,  during  which  Professor 
Turner  arrived  from  Oxford,  and  later  Mr.  Bellamy  with 
the  British  expedition  freic^ht.  Our  colleague-to-be.  Professor 
Robert  H.  West,  of  the  Syrian  Protestant  College  at  Beirut, 
here  joined  us,  and  we  perfected  our  plans  and  arrangements 
for  the  station  work  at  Aswan.  The  American  expedition 
was  favored  with  some  delightful  courtesies,  notably  from 
Mr.  Frederick  Grinnell  Morgan.  Consul-Gerant  of  the 
United  States,  and  from  the  lUircau  of  Antiquities,  the  Railway 
Administration,  and  various  members  of  the  Survey  Depart- 
ment staff.  We  were  taken  by  Government  launch  to  the 
great  Delta  and  Aswan  Harrages,  and  in  seeing  the  Pyramids 
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and  the  most  interesting  points  in  and  about  Cairo,  at  Luxor 
and  Aswan,  were  never  left  to  tlie  mercy  of  the  dragoman- 
Professor  West,  as  well  as  Captain  Lyons  and  his  engineers, 
spoke  Arabic  tliienlly,  with  the  result  that  our  impression  of 
ihe  Egyptians  throughout  our  stay  was  of  quite  a  different 
nature  from  that  of  the  ordinary  traveler. 

Three  expeditions,  Russian,  British,  and  American,  were  ex- 
pected to  arrive  in  Cairo  during  the  first  week  of  August,  and 
Captain  Lyons  had  arranged  that  all  should  go  together  by 
the  through  train  of  the  evening  of  Monday,  the  7th,  arriving 
at  Aswan  the  following  afternoon.     The  Russians,  however, 
'   were  delayed,  and  leaving  Mr.  Dickinson  to  meet  and  escort 
I  them  later,  Captain  Lyons,  with  Mr.  Keeling,  accompanied 
1  the  others  as  planned.     The  tram  which  awaited  us  was  well 
I  equipped,  and  the  night  parsed  in  comfort,  with  only  the  regret 
I  that  in  our  rapid  travel  we  were  missing  the  sight  of  the  vastly 
L  interesting  country  of  the  Lower  N'ile  Basin.     In  the  morning 
we  passed  Sohag,  reminiscent  of  the  eclipse  of  1882.  when  the 
first  photographic  comet  was  found  on  the  plates  obtained  by 
L  the  British  expedition. 

Our  Journey  was  hot  and  dusty,  of  course,  for  this  was 
r  EgA-pt  and  the  month  was  .August.    But  we  had  suffered  worse 
few  York  from  humid  heat,  and  on  the  Western  plains 
1  from  alkaline  dnst.     However,  our  impressions  here  were  not 
I  what  they  might  have  been  but  for  Captain  Lyons's  thought- 
fulness.     He  knew  Upper  Egypt  and  the  "  Soudan   thirst." 
Therefore,  we  were  especially  supplied  with  fruit  and  drink 
for  the  last  stages  of  the  desert  from  Luxor.    Here  the  railway 
changes  from  standard  to  narrow-gauge.    The  dining-car  and 
;  the  comfortable  sleeper  are  left  behind,  and  we  have  instead 
I  a  queer-looking  train  of  double-sided  and  double-roofed  cars, 
I  those  of  the  first  class  having  two  compartments,  equipped  with 
I  easy  leather-bottomed  chairs,  movable,  but  ranged  along  the 
I  outer  walls,  facing  each  other.     Half  the  car  was  assigned  to 
f  our  party,  and.  with  our  ice-boxes,  pro  vis  ion -baskets,  and  pith 
f  helmets,  we  filled  it.  just. 

All  the  afternoon  we  were  thinking  of  the  work  ahead  of 

I  us  in  the  heat,  the  full  force  of  which  we  were  only  now  bcgin- 

Ctiing  to  realize.    The  desert  ran  to  the  river's  edge,  shimmering 

1  the  sun.  or  melting  back  toward  the  distant  clifls  into  a 
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blue  mirage  of  false  lakes  and  lagoons.  Interest  grew  as  we 
approached  Kom  Ombo,  where  the  edge  of  the  eclipse  sliadow 
would  pass.  It  was  the  height  of  the  afternoon,  and  we  went 
out  to  dicker  with  the  Arabs  for  white  grapes.  A  **  bolis " 
(policeman)  stood  patron  to  each  bai^ain,  signaling  the  pas- 
senger what  was  fair  and  compelling  the  Arab  to  give  full 
weight.  We  returned  to  the  relief  of  the  blue-windowed  car, 
putting  our  grapes  to  cool  in  the  ice-water. 

Later  came  Khatara,  where  the  Russian  expedition  expected 
to  stop,  as  it  was  on  the  central  line  of  the  eclipse.  We  looked 
at  the  little  sun-dried  town  and  predicted  that  the  Russians 
would  follow  us  to  Aswan,  wondering  meanwhile  what  we 
should  find  there.  What  we  did  find  was  a  shining  city, — 
dried  mud  and  Arab  shacks  in  the  rear,  to  be  sure,  but  two- 
and  three-storied  in  front  and  white-painted  by  Kitchener  s 
decree,  with  such  a  water-front  as  no  other  Upper  Egyptian 
town  can  boast,  though  little  they  like  him  for  it. 

Directly  in  front  of  Aswan  lies  Elephantine,  the  long  island 
at  the  foot  of  the  First  Cataract,  with  the  Savoy  Hotel  con- 
spicuous on  its  north  point.  Arrangements  had  been  made  by 
Captain  Lyons  for  the  accommodation  of  the  several  expedi- 
tions at  this  hotel,  which  is  usually  closed  at  this  season. 
Thither  we  were  at  once  transferred  by  sail-boats  which  were 
waiting  just  below  the  station.  Here  indeed  was  no  Khatara, 
but  a  European  hostelry,  in  pleasant  gardens,  past  which 
the  river  swept  on  either  side  in  strong  current,  for  the  time 
of  flood  was  approaching. 

Our  first  desire  was  to  prospect  for  sites  for  our  stations 
In  the  sunset  Captain  Lyons,  Professor  Turner,  Professor 
West,  and  the  writer  took  a  brisk  walk  through  the  native 
villages  and  the  dhurra-fields  to  the  upper  end  of  the  island, 
where  the  remains  of  ancient  Elephantine  rise  in  mounds  of 
stratified  debris,  .formed  as  one  century  built  upon  the  crum- 
bling ruins  of  the  i)receding.  Here  there  are  Roman  fragments, 
too,  of  Trajan's  time.  Perchance  besides  these  very  columns 
Juvenal  may  have  watched  that  Sun  go  down,  reflecting  upon 
the  clever  irony  of  his  honorable  exile.  But  no  less  to  him  than 
to  us  the  Pharaohs  were  dead  and  Yebu  forgotten,  and  the 
princes  of  Elephantine  slumbered  in  their  rock-hewn  tombs. 

As  a  result  of  our  tour  of  inspection  we  came  to  the  con- 
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elusion  th»t  the  best  sites  lor  the  edipse  stations  were  near 
the  north  end  of  the  island  in  the  hotel  grounds.  Permission 
was  readily  granted  us  to  establish  our  stations  within  the 
gardens,  and  my  dioice  fell  at  once  upon  a  sandy  strip  of  Nile 
bank  adjacent  to  the  west  wing  of  the  hotel.  This  site  was 
shaded  during  much  of  the  forenoon  by  a  thicket  of  young 
palms,  overtopped  by  old  trees  fifty  or  more  feet  in  height,  but 
afforded  an  unobstructed  view  toward  the  west,  the  low  hills 
._  beyond  the  river  rising  only  four  degrees  above  the  horizon. 
Moreover,  the  broad  stretch  of  water  between  this  place  and 
the  mainland  in  the  direction  of  prevailing  wmd  added  greatly 
lo  our  comfort  by  reducing  the  amount  of  wind-blown  sand, 
and  doubtless  also  somewhat  alleviated  the  bad  effect  of  radia- 
tion from  the  contiguous  desert. 

In  the  midst  of  the  palm  thicket,  adjacent  to  our  station, 
I  was  a  thick-walled  mud  house,  emply  in  summer,  but  used  in 
I  winter  for  the  storage  of  meat.    At  the  outset  the  hotel  man- 
agement placed  this  at  our  disposal  for  a  workshop.     In  this 
room  and  in  the  shade  of  the  trees  we  unpacked  and  assembled 
the  instruments  in  comparative  comfort,  though  the  maximum 
temperature  day  after  day  during  the  first  weeks  of  our  stay 
(ranged  from  iq8°  to  iiC",  and  even  touched  113''.    The  coolest 
\  Tooms  of  the  hotel  rarely  fell  below  90°,  and  even  at  bedtime 
they  were  often  above  100°.    The  air  was  so  dry  that  this  heat 
caused  no  lassitude.    The  sensation  of  having  everything  about 
warmer  than  one's  self  was  novel  and  an  ever-present  argument 
against  restlessness.    When  one  had  cooled  the  bed  to  his  own 
fc  temperature  it  was  well  to  lie  still  in  that  spot.    Out  of  doors 
I  late  at  night  the  thermometer  might  fall  to  the  eighties,  and 
I  to  sleep  on  the  roof  or  balconies  has  come  to  be  the  well-nigh 
liversal  custom." 
The  Egyptian  sky  is  impressive  as  a  spectacle,  but,  so  far 
I  as  my  observations  go,  the  seeing  at  this  time  of  year  is  not 
I  of  good  quality.    As  might  be  expected  the  great  heated  areas, 
rwilh  rapid  radiation,  cause  trembling  images,  which  in  a  power- 
I  ful  instrument  would  seriously  interfere  with  effective  work. 
I  At  no  time,  with  the  photographic  tests,  was  I  able  to  secure 
I  clear  definition.     Through   the   kindness  of   Captain   Lyons, 
Wade  sent  to   Aswan   the   eight-inch   objective   of   the 
Helwan   Observatory,    in    the   hope   that    I    might   mount   it 
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for  visual  tests.  Other  work,  however,  took  my  time  to  its 
exclusion. 

Labor  was  cheap  and  abundant  at  Aswan.  While  our  col- 
leagues in  the  Labrador  were  finding  it  impossible,  on  account 
of  the  salmon  run,  to  get  a  man  at  any  price,  we  could  have 
had  any  number  at  twenty-five  cents  a  day.  The  custom  of 
the  country  is  to  work  through  native  overseers,  and  to  our 
surprise  we  found  that  Captain  Lyons  had  provided  even  for 
this  need,  and  had  brought  four  of  those  in  the  employ  of 
the  Survey  Department  on  the  same  train  with  us  from  Cairo. 
One  of  these,  MuRSi,  >Y2fs  assigned  to  the  Lick  Observatory 
camp,  and  the  others  to  the  English  and  Russian  parties,  for 
the  Russians,  as  predicted,  had  promptly  joineid  us  at  Elephan- 
tine. Through  Mr.  Keeling  and  MuRSi,  the  selection  of  day 
and  night  watchmen,  of  laborers,  and  of  contractors  for  building 
the  necessary  piers  and  an  effective  wind-screen  were  soon 
effected.  The  routine  of  the  establishment  of  the  eclipse  appa- 
ratus progressed  steadily,  but  without  haste. 

During  the  week  preceding  the  eclipse,  Mr.  Joy,  a  grad- 
uate of  Oberlin,  and  Mr.  Nelson,  an  alumnus  of  the  University 
of  Chicago,  joined  the  Lick  Observatory  expedition  from  Beirut. 
Captain  Lyons  returned  to  assist  Professor  Turner  with  the 
Oxford  expedition,  but  kept  an  active  interest  in  us  all,  still  see- 
ing something  to  offer  for  our  advantage  or  assistance.  He  se- 
cured us  the  added  services  of  Messrs.  Triman,  Dray,  and 
Curry,  of  the  Survey  Department,  in  Cairo,  and  of  Messrs. 
Swift  and  Wild,  of  the  Ministry  of  Public  Instruction. 

During  these  last  days  we  were  all  keenly  interested  in  the 
arrival  of  Mr.  Reynolds  from  Bimtingham  with  a  reflector  of 
twenty-eight  inches  aperture  and  one  hundred  twenty  feet  focal 
length,  and  in  the  heroic  effort  to  install  it  in  time  for  the 
eclipse. 

The  30th  of  August  was  absolutely  clear,  with  a  light  wind, 
and  a  temperature  of  108"^  in  the  afternoon.  It  was  one  of  the 
most  favorable  days  we  had  at  Aswan,  except  that  the  sky 
was  white  with  fine  dust  driven  high  in  the  air  by  a  gale  from 
the  desert  the  day  before.  During  the  morning  the  equipment 
was  critically  examined.  The  plate-holders  especially  were 
inspected  for  any  light  leaks,  additional  thicknesses  of  black 
cloth  were  obtained  to  be  placed  before  the  tent  door,  and  for 
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wrapping  about  ihe  plate-holciers  when  tlicy  were  carried  from 
the  dark-room  to  the  instruments.  The  entire  spectroscope 
except  the  objective  and  a  plact  to  draw  the  slide  was  thickly 
wrapped  in  layer  after  layer  of  black  cloth. 

As  the  hour  approached  the  plates  were  backed  with  a  non- 
halation  covering,  placed  in  their  holders,  and  wrapped  thickly 
in  black  cloth.  During  the  last  moments  of  the  partial  phase 
these  were  carried  from  the  dark-room  to  their  respective 
instruments.  The  opi-rators  were  in  their  places,  alert  for  the 
signals  of  time,  and  ready  each  for  his  especial  duty. 

The  exposures  with  the  forty-foot  camera  were  made  by 
the  writer,  with  Mr.  Dbay,  of  Cairo,  assisting.  Professor 
West  was  given  general  charge  of  the  programme  in  the  open. 
with  Mr.  Tkimen  as  time-counter,  and  Mr.  Joy  at  the  spectro- 
scope. At  the  intramercurial  apparatus  were  Messrs.  Swift, 
Wild,  Curbv,  Nelson,  and  Mr.  Bkucc  J.  Giffen,  of  the 
American  Mission  at  Luxor.  Mr.  GoDFHKv,  of  Zagazig,  who 
happened  to  be  present  and  offered  his  services,  was  asked 
to  watch  for  shadow-bands  against  the  tent  of  the  forty-foot 
telescope.  Mrs.  Hussey,  with  Mr.  Arthur  Knowles.  of 
Cairo,  and  Mr,  George  Callenuak  Bbackett,  of  Brooklyn, 
New  York,  also  observed  the  shadow-bands  against  the  tower 
of  the  Savoy  roof. 

The  programme  at  the  instruments  was  carried  through 
with  automatic  precision.  Each  operator  performed  his  part  to 
the  second,  and  the  work  was  so  planned  that  every  one  had 
at  some  time  during  toiahty  a  period  free  for  viewing  the 
eclipse.  The  Sun  was  nearly  in  the  west,  at  an  altitude  of 
twenty-four  degrees,  for  Ihe  afternoon  was  well  advanced, 
the  total  phase  beginning  at  4"  j,^  34'  mean  local  time.  The 
.computed  duration  of  totality  was  two  minuiet,  thirty-one 
■seconds. 

The  corona  was  of  the  usual  sun-spot  maximum  type.  The 
south  preceding  streamer,  however,  was  noticeably  long,  slen- 
der, and  recurving.  By  reason  of  the  light  sky,  the  corona  was 
less  brilliant  to  the  eye  than  it  had  been  to  those  who  had 
seen  other  echpses  in  localities  with  rain-washed  atmosphere. 
But  in  respect  to  the  prominences,  it  would  seem  that  nothing 
tould  have  been  more  impressive. 

Immediately  after  the  total  phase  had  passed,  the  plates 
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were  taken  to  the  dark-rcK)m  and  stored  to  await  development. 
There  was  an  hour  of  frank  congratulation  over  the  tea  and 
shandygaff,  but  there  was  no  disguising  the  weariness  of 
the  observers  after  the  long  day  and  the  event  to  which  all 
the  company  had  been  intensely  keyed. 

The  hotel  terrace  in  the  evening,  with  its  notable  visitors 
from  down  the  river,  seemed  quite  gay  to  us  who  had  so 
long  possessed  it  exclusively,  and  the  banquet  given  on  the 
lawn  below  in  the  gardens  by  Mr.  Mitchell-Innes,  Under- 
Secretary  of  State  for  Finance,  to  the  eclipse  expeditions, 
Captain  Lyons,  the  Mudir  of  Aswan,  and  other  guests,  brought 
to  a  delightful  ending  our  weeks  of  pleasant  association. 

Sunrise  saw  the  departure  of  Mr.  Mitchell-Innes's 
steamer,  with  Captain  Lyons  aboard.  The  guests  of  the  hotel 
went,  most  of  them,  by  the  morning  train  to  Luxor.  Many 
of  the  assistants  remained  to  help  dismount  the  instruments 
and  straighten  up  the  camps,  and  by  evening  of  the  31st  little 
remained  to  mark  their  sites.  M.  Oculvitch  and  M.  Baikoff 
packed  their  plates  for  development  at  St.  Petersburg.  Dr. 
Meyer,  of  Berlin,  boxed  his  portable  Zeiss  altazimuth  and  de- 
parted for  Italy.  Mr.  Reynolds  and  Mr.  Keeling  were  off 
for  Helwan,  to  install  the  thirtv-inch  reflector  that  Mr.  Reynolds 
has  presented  to  the  Egyptian  Government,  and  from  which 
we  hope  to  hear  notable  things  in  the  near  future.  Professor 
Turner  and  Mr.  Bellamy  took  the  train  to  Cairo,  carrying 
th^ir  plates  to  the  spacious  dark-rooms  of  the  Survey  Depart- 
ment for  development.  Professor  West  had  sailed  from  Port 
Said  for  his  mountain  home  in  Syria,  leaving  us  conscious  of 
the  loss  of  his  resourcefulness,  his  congenial  companionship, 
and  his  invaluable  aid  in  all  ways  during  our  association  at 
Aswan.  In  addition  to  his  technical  skill,  his  mastery  of 
Arabic  and  his  insight  into  Oriental  character  were  no  small 
factors  in  establishing  the  cordial  relations  with  our  native 
helpers,  which  continued  to  the  end  of  our  stay  at  Elephantine. 

The  company  at  the  Savoy  had  now  dwindled  to  ourselves, 
Mr.  Dickinson,  and  M.  Dubinsky,  of  Pawlowsk,  who  for 
nearly  a  fortnight  longer  continued  his  magnetic  observations 
in  the  tomb  of  one  of  the  ancient  princes  of  Elephantine.  He 
had  here  ideal  rooms  for  his  work,  cut  one  beyond  the  other  into 
the  side  of  the  hill  of  the  Dome  of  the  Winds,  away  from  all 
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psturbing  surface  conditions,  the  range  of  temperature  day 
pfter  day  amounting  to  less  than  a  degree  Fahrenheit, 
fc  The  last  ten  days  of  our  stay  at  Aswan  proved  the  most 
wing  that  we  had,  for  the  winds  dropped  and  the  humidity 
Wpe  abo^'C  fifty.  Operations  in  the  dark-room  were  neces- 
Brily  restricted  to  night  and  early  morning,  and  the  behavior 
K  tfie  chemicals  in  the  heat  and  the  uninterpreted  action  of 
liter  agencies  added  perplexities  to  the  work  of  development. 
HlU'  dark-rooms  were  improvised  without  sinks  or  running 
Buer.  The  hotel  gave  us  the  unlimited  use  of  its  filters,  and 
Be  Survey  Department  sent  up  generous  supplies  of  distilled 
ftter  from  Cairo,  while  the  willing  labor  of  our  Abbas  and 
Hshamme^  furnished  the  Oriental  equivalent  of  Yankee  con- 
Kiiences.  Ice  was  an  essentifd,  of  course,  brought  by  train 
Bpm  Cairo  daily. 

B  Nineteen  photographs  were  obtained,  having  exposures 
Brying  from  half  a  second  for  ihe  inner  corona,  to  sixty-four 
Bconds  tor  the  fainter  outlying  streamers.  With  the  intra- 
Bercurial  apparatus  the  time  of  totality  was  divided  as  nearly 
B  might  be  to  obtain  duplicate  plates  along  the  ecliptic  in 
tfce  vidnity  of  tlie  Sun.  The  exposure  with  the  spectrograph 
lasted  throughout  totality,  except  for  a  second  or  two  at  the 
beginning  and  end. 

No  detailed  study  of  photographs  is  made  at  an  eclipse 
This  requires  the  resources  of  measuring-engines,  micro- 
comparison-plates,  and  other  records.  At  the  observing 
ition  the  one  object  is  to  bring  out  all  the  detail  the  plates 
will  yield  and  fix  them  against  the  chance  of  accident  from 
light  or  chemical  change.  They  are  then  packed  in  their  orig- 
inal boxes,  separated  at  their  edges  by  strips  of  paper.  These 
are  then  sealed  in  tin.  and  put  in  a  strong  wooden  box,  excelsior 
lined.    This  is  then  packed  in  one  stronger  still,  and  labeled, 

this  case  in  three  languages,  English,  French,  and  Arabic, 

shipment  to  Mt.  Hamilton. 

Eclipse  successes  and  failures  have  always  a  stimulating 
'ect.  By  the  following  of  clues  in  the  earnest  endeavor  to 
of  the  many  things  that  formerly  could  be  studied 
ly  during  the  brief  moments  of  totality  the  effective  means 

research   have  been  greatly  extended  and  have  given  us 
'hat  may  be  called  indirect  eclipse  results  quantitatively  more 
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numerous  perhaps  than  those  which  have  been  obtained  directly. 
Holding  in  mind  the  great  practical  importance  of  a  more  com- 
plete understanding  of  the  Sun  and  the  high  probability  of 
light  being  thrown  upon  its  problems  by  observations  that  can 
at  present  be  made  only  during  the  brief  and  long-separated 
total  eclipses,  it  is  apparent  that  every  opportunity  should  be 
embraced  to  make  the  most  of  these  occasions.  It  is  to  the 
credit  of  the  Lick  Observatory  that  it  has  played  a  conspicuous 
part  in  the  observation  of  eclipses  of  the  Sun,  and  not  too 
much  can  be  said  in  commendation  of  the  systematic  giving  by 
which  Mr.  William  H.  Crocker,  and,  before  him,  the  late 
Colonel  Charles  F.  Crocker,  have  made  possible  the  con- 
tinuous study  and  investigation  of  these  phenomena  by  thai 
institution. 

Detroit  Observatory,  University  of  Michigan, 
Ann  Arbor,  January  22,  1906 


NOTE   ON    ANOMALOUS    REFRACTION. 


By  Frank  Schlesinger  and  G.  B.  Blair. 


Under  normal  conditions  atmospheric  strata  of  uniform 
density  lie  parallel  to  the  Earth's  surface.  In  this  case  the 
expression  for  refraction  takes  the  well-known  form  k  tan  s, 
in  which  z  is  the  true  zenith-distance  of  the- object  and  Ar  is  a 
quantity  that  varies  slowly  with  the  zenith-distance,  the  tem- 
perature, and  the  height  of  the  barometer.  For  present  pur- 
poses, however,  we  mav  regard  ^  as  a  constant  and  equal 

to  57". 

Let  us  now  consider  the  effect  upon  the  refraction  of  a 

small  inclination  in  the  strata  of  uniform  density.     Imagine 

a  normal   to  be  drawn  to  these  strata,  and  let  {  and  a  be 

respectively  the  zenith-distance  and  azimuth  of  the  point  at 

which  this  normal   pierces  the   celestial    sphere.     This   point 

is  evidently  the  origin  from  which  zenith-distances  should  be 

reckoned    for   the   computation   of   the   refraction   under   the 

assumed  conditions.     Consequently  for  z  in  the  above  formula 


Astronomical  Society  of  the  Pcuijic. 


47 


► 


we  should  substitute  (with  a  sufficient  decree  of  approxima- 
tion) s  —  {  cos  (o  —  A),  A  being  the  azimuth  of  the  object. 

Hence  the  correction  arising  from  anomalous  refraction  is 
t  tan   [j-  —  £  cos  ( a  —  A )  I  —  A  tan  s 

very  ni^arly  t.^  cos  (a  —  A)  sec-' « (l) 

[For  objects  in  the  meridian  this  becomes 

+  *  {  cos  a  sec  £ (2) 

The  positive  or  negative  sign  is  to  be  used  according  as 
the  object  is  south  or  north  of  the  zenith. 

The  following  table  gives  the  values  for  various  zenith- 
distances  of  the  coefficient  of  f  cos  a,  the  latter  being  expressed 
in  minutes  of  arc  :^ 


I 


TABLE    1. 

z 

AnooiBlous  RcIr>L-t 

0° 

o".oi7  Ccos 

10 

0  .017      ■■ 

30 

0  .019 

30 

0  .022 

40 

0  .028      " 

SO 

0.  040     ■' 

60 

0  .067 

70 


.142 


This  table  shows  that  the  effect  of  anomalous  refraction  is 
nearly  the  same  for  all  objects  thai  culminate  within  30°  of 
the  zenith,  but  that  it  increases  rapidly  when  the  zenith- 
distance  surpasses  50°. 

It  will  be  instructive  to  apply  tlie  above  formula  to  actual 
observations.  So  far  as  we  know,  the  only  ones  suitable  for 
the  purpose  are  those  which  have  been  made  at  the  six 
international  latitude  stations.  The  programme  for  observing 
at  these  stations  includes,  in  each  night's  work,  twelve  pairs 
at  small  zenith-distances  (never  more  than  23°),  and  four 
pairs  at  large  zenith-distances'  (about  (io°).  An  ordinary 
programme — that  is,  one  which  contains  pairs  at  small  zenith- 
distances  only— cannot  be  used  for  our  purpose,  since,  as 
we  have  seen   from  Table  I,  the  effect  would  be  nearly  the 
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same  for  all  the  pairs,  and  it  would  be  impracticable  to  dis- 
tinguish, a  refraction  effect  from  any  other  disturbing  phe- 
nomenon. Furthermore,  it  would  be  equally  futile  to  attempt 
to  deduce  the  value  of  {cos a  from  absolute  measures  of 
declinations,  since  these  do  not  possess  the  requisite  accuracy. 

The  results  of  the  first  two  years  of  the  international  work 
have  been  published  by  Dr.  Albrecht  in  volume  I  of  the 
"  Resultate  des  Intemationalen  Breitendienstes."  On  the  data 
given  in  this  memoir  Table  II  is  based. 

Column  I  gives  the  name  of  the  station  and  column  2 
the  number  (n)  of  nights  during  1900  and  1901  on  which  all 
four  of  the  refraction  pairs,  and  at  least  ten  of  the  twelve 
zenith  pairs,  were  observed.  No  use  is  made  of  the  other 
nights  in  the  present  paper,  which,  even  with  these  restrictions, 
covers  more  than  fourteen  thousand  separate  determinations 
of  the  latitude.  Column  3  contains  the  sums  of  the  squares 
of  the  "  zenith  divergences "  obtained  thus :  Albrecht's 
Plate  XI  shows  with  red  lines  the  definitive  latitudes  at  the 
six  stations;  and  on  pages  130  to  139  are  given  the  results 
for  each  night  from  the  zenith  pairs.  The  difference  between 
these  two  quantities  was  taken  for  each  night,  and  the  sum  of 
their  squares  for  the  whole  two  years  is  entered  in  column  3. 


TABLE 

11. 

I 

2 

3 

4 

5 

6 

n 

Zenith. 

Refract. 

Zenith  minus 
Refract. 

V'+f>^ 

Mizusawa    

77 

0.2797 

1.7880 

1. 6148 

0.00073 

Tschardjui    .... 

131 

1. 022 1 

3.4920 

4.213I 

0.00029 

Carloforte   

258 

0.7848 

36875 

37293 

0.00036 

Gaithersburg  . . . 

169 

0.6422 

2.6526 

2.4720 

0.00061 

Cincinnati    

131 

0.6407 

3.4664 

3.0565 

0.00 1 00 

Ukiah    

165 

0-3737 

3-8113 

4.1683 

0.0000 1 

Means 


155 


0.00050 


Let  €  be  the  mean  error  of  the  definitive  latitude  shown  in 
Albrecht^s  Plate  XI. 

c^,  the  mean  error  of  the  mean  of  the  ten  to  twelve 
zenith  pairs  observed  each  night. 

p.  the  mean  effect  of  anomalous  refraction  at  the  zenith. 
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Then  the  numbers  in  cnliimii  3  may  be  represented  by 
the  expression  s  (..  ^_.»  ^.  ^^j (3, 

Column  4  contains  quantities  similar  to  tliose  in  column 
3,  except  that  the  refraction  pairs  (pages  143  to  151)  have 
been  used  instead  of  those  near  the  zenith.  Representing  by 
t,  the  mean  error  of  the  mean  of  the  four  refraction  pairs,  and 
remembering  that  at  60°  zenith-distance  the  effect  of  anoma- 
lous refraaion  is  four  times  that  at  the  zenith,  the  numbers 
in  -column  4  are  the  equivalents  of 

2U'  +  <;-f  i6p') (4) 

Cohimn  5  gives  the  values  of 

5(<J-l-<;  +  yp=) (5) 

obtained  by  taking  the  differences  between  the  refraction  pairs 
for  the  same  night,  squaring  and  adding. 

By  adding  corresponding  items  in  columns  3  and  4,  sub- 
tracting those  in  column  5,  and  dividing  by  8fi,  we  evidently 
obtain  «'  I     J  if\ 

the  values  of  which  are  given  in  column  6. 

The  data  in  Table  II  do  not  permit  us  to  separate  these 
two  errors,  but  from  other  considerations'  it  is  known  that 
c  is  about  It  o".02.  Whether  we  assume  this  value  of  t  or  a 
smaller  one,  we  should  get  practically  the  same  values  of  p, 
as  is  shown  by  the  following: — 


I 


TABI.K    I 
Values  of  p   assuming:     i 

Mizusawa    

Tscharttjui    

Carloforle   

Gaither^burg    

Cincinnati    

Ukiah  


3  .025 

.014 
,016 
.023 
-030 
.000 


.019 
,025 


Means 


Adopting   the    former   ; 
expression    (3)    above,   we 


s   definitive,    and   substituting   in 
get   these   values   for   the   mean 
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errors   of   the   latitude   as  determined   from   one   night's  ob- 
servations:   TATlIir    IV 

TABLE   I\.  Values  of  Cx 

Mizusawa    it.  o".05i 

Tschardjui    .085 

Carloforte   .049 

Gaithersburg  .054 

Cincinnati    .060 

Ukiah   .044 

Mean    di  o".057 

The  concUision  that  we  may  draw  from  these  computa- 
tions is  that  observers  have  little  to  fear  from  anomalous 
refraction.  Its  mean  effect,  at  a  properly  chosen  station, 
appears  to  be  considerably  less  than  the  accidental  errors  of 
observation  in  the  best  work  that  can  be  done  at  the  present 
time.  Accordingly,  this  explanation  for  inconsistencies  in 
meridian  work  should  be  advanced  with  caution.  The  present 
paper  also  throw- s  light  upon  the  nature  of  Kimura's  phenom- 
enon ;  this,  it  will  be  remembered,  is  a  small  term  in  the  lati- 
tude variation  and  is  independent  of  the  longitude.  Our 
computations  indicate,  if  they  do  not  indeed  prove,  that  this 
term  is  real,  and  is  not  due  (as  has  been  suggested)  to 
anomalous  refraction. 

Allegheny  Observatory,  December  22,  1905. 


VARIABLE    STAR    NOTES. 


By  Rose  O'Halloran. 


I]  Cassiopcicp, 

On  wSeptembcr  17,  24,  and  October  15,  1905,  this  varia- 
ble was  invisible  in  a  four-inch  telescope.  The  maximum  pre- 
dicted for  November  3d  w^as  looked  for,  and  according  to 
the  following  observations  occurred  somewhat  later. 

1905.  October  23,  26 — Of  12th  magnitude.  November  3 — 
About  1 1.7;  dimmer  than  g.^    November  13 — Between  g  and 

'  For  comparison-stars,  see  chart,  Publications  A   S.  P.  No.  98,  p.  209. 
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e.    November  18 — Brighter  than  g  or  /;  equal  to  c,    Novem- 
ber 20 — Brighter  than  e  or  d;  less  than  c. 

V  Cassiopeice, 

This  variable  having  risen  to  maximum  in  the  middle  of 
August,  1904,  declined  gradually,  and  on  October  19th  was 
only  equal  to  the  star  of  10.5  magnitude  about  half  a  minute 
of  arc  preceding.  On  November  15th  of  the  same  year  it  had 
sunk  to  invisibility.  September  17,  1905,  it  was  of  about  loth 
magnitude,  being  distinctly  brighter  than  the  above-mentioned 
star  closely  preceding,  and  on  the  24th  was  still  brighter, 
though  about  half  a  magnitude  less  than  e  in  the  star  chart. ^ 

1905.  October  10 — Equals  d.  October  15 — Between  d  and 
b,    October  23 — Equals  b.    November  3,  13,  20 — Equals  &. 

R  Pegasi, 

1904.  September  12 — Brighter  than  g;  equals  d;  less  than  c. 
September  29 — Between  d  and  c.  October  30 — Nearer  to  the 
light  of  g  than  of  d.  November  6,  8 — About  two  tenths  brighter 
than  g.  November  27,  December  2 — Equals  g;  brighter  than 
h.  December  4 — Between  g  and  h.  DecemUer  17 — Equals  h; 
less  than  g, 

2S  ^ 


S-T 


• 


O 

in.  •         • 


cC 


^to^ 


fl       P^^CL^OJ- 


3  S«e  Publications  A.  S.  P.  No.  98,  p.  209. 
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1905.  January  2 — Between  h  and  m;  nearer  to  m.  Sep- 
tember 17,  24,  26,  October  15 — Equal  to  d;  less  than  c,  Oc- 
tober 25 — Brighter  than  h;  equals  g.  November  18,  20,  24 — 
Between  h  and  g,  December  3 — About  midway  between  h 
and  g,  December  21 — Less  than  h;  scarcely  brighter  than  w. 
December  28 — Fainter  than  w  (night  very  clear). 

The  period  is  about  380  days,  and  maxima  were  predicted 
for  September,  1904  and  1905. 

U  Herculis. 

1904.  May  8,  10,  14,  i6^Equal  to  /.  June  2,  10 — Three 
tenths  dimmer  than  /. 

1905.  May  5,  9,  19,  21 — Equal  to  c;  brighter  than  d. 
May  29 — The  same  (night  clear  and  dark).  June  5,  10— Be- 
tween c  and  d,  June  17 — Equals  d;  brighter  than  f.  June 
22,  27 — Less  than  d;  equals  e;  brighter  than  f,  July  i — 
Between  e  and  /.    July  5 — Scarcely  brighter  than  /. 


U      JHf*^  U 


^10 


e 


f 

0 

U 


^/f 


1/       ff(cM  C^-c*^ 


The  accompanying  chart  shows  the  position  of  this  variable 
with  regard  to  Gamma  in  the  arm  of  Hercules,  The  scarcity 
of  telescopic  stars  in  the  field  of  view  makes  identification  easy, 
and  the  range  from  about  7  to  12  magnitude  places  each  phase 
within  the  reach  of  small  instruments.  Its  long  period  of  thir- 
teen months  is  subject  to  periodic  inequality. 

/  UrscB  Majoris, 
1905.    January  27 — Brighter  than  h;  less  than  f.    February 
22 — Equals  c;  brighter  than  e.    March  26 — Equals  e;  brighter 
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lan  /  or  g.    April  4 — Between  e  and  /.     April  21 — Between 
f  and  k;  nearer  to  f. 

S  B otitis. 

1904.  May  2,  16— Invisible. 

1905,  April  4 — Equal  to  g;  brighter  than  A.  April  2y — 
■  Brighter  than  /  or  g;  equals  e;  less  than  c.  May  4,  9 — The 
riame  (May  7  was  the  date  of  predicted  maximum).    May  19 — 

weon  c  and  c.  May  21 — It  seems  nearer  to  the  luster  of  c 
Ulan  of  e.    July  i — It  has  sunk  to  about  11. 5  magnitude. 

S  Ursa:  Majoris. 
The  comparison -stars  used  for  this  variable  and  ftlso  for 
r  Ursa  Majoris  and  5  BoiUis  are  those  of  the  charts  published 
ty  the  Harvard  Observatory  in  1891. 

1904.  February  16 — Invisible.  April  4— Equals  /.  April 
|i7 — Equals  g. 

1905.  January  9 — Very  close  to  the  brightness  of  d,  per- 
haps two  tenths  less;  brighter  than  g;  less  than  c  (night  clear). 
January  24,  27 — The  same.  February  22 — Two  tenths  brighter 
than  /.     March  26 — Equals  /i.     April  4 — Less  than  h  or  /; 

u.9t  about    II   magnitude.     April   21 — Not   discernible    (night 
fcliazy). 

.■\  four-inch  refractor  was  used  for  these  observations. 

San  Francisco,  December  30,  1905. 


TOTAL  SOLAR   ECLIPSES. 

KETCH  OF  AN  APPARATirS  FOR  INVESTIGATING  THE  POSITION  OF 
THE  PRODUCING   ELEMENTS  OF  THE  SHADOW- 
BANDS  IN  Si'ACE. 


It  is  known  that  some  moments  before  and  after  the  total 
K|>hase  of  an  eclipse  we  can  see  sinuous  bands  sliding  along 
tfie  ground,  which  alternately  are  bright  and  dark.    The  orien- 
tation, direction  of  movement,  speed,  etc.,  of  these  bands  have 
studied  by  means  of  a  white  piece  of  linen  laid  hori- 
^ntally  on  the  ground  and  placed  from  north  to  south.    From 
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observations  thus  made  Messrs.  F.  H.  Bigelovv  and  W.  H. 
•  Pickering  have  made  important  studies  as  to  the  possible 
causes  of  the  phenomenon.  I  now  propose  to  men  of  science 
to  conduct  the  observations  in  future  eclipses  by  geometrically 
searching  for  the  position  in  space  of  the  producing  elements 
of  such  bands ;  or,  perhaps,  they  may  have  a  luni-solar  origin, 
owing  to  the  decomposition  effected  by  the  edges  of  the  Moon 
upon  the  rays  of  the  thin  solar  sickle  at  the  proximities  of 
totality. 

To  determine  the  position  of  such  elements,  three  different 
planes  with  two  (one  vertical  and  another  horizontal),  as  per 
descriptive  geometry,  would  be  enough.  That  is  the  method 
followed  by  us  of  determining  in  the  eclipse  of  August  30,  1905, 
at  Soria,  Spain,  the  position  of  said  elements,  which  were  found 
to  be  in  a  plane  nearly  vertical  (88°  to  99°  in  5  seconds), 
forming  with  the  observation  vertical  plane,  placed  from  east 
to  west,  an  angle  less  than  45°.  From  these  observations  we 
have  deduced  the  great  convenience  of  employing  several  other 
planes  on  which  to  mark  the  traces  of  the  undulating  bands, 
and  our  apparatus  to  observe  the  eclipse  in  1912  will  be  con- 
stituted (see  figure),  first,  of  a  horizontal  plane,  A  B,  at  the 
height  of  the  arms  of  the  observer,  who  will  be  situated  at  O; 
second,  the  vertical  plane,  C  D,  placed  from  north  to  south ; 
third,  another  vertical  plane,  E  F,  from  east  to  west;  fourth, 
another,  G  H,  azimuthal  to  the  Sun  at  the  moment  of  totality ; 
fifth,  another,  I  J,  perpendicular  to  the  latter ;  sixth,  another, 
K  L.  in  the  direction  of  the  wind,  moved  by  the  weathercock, 
V,  which  may  be  made  immovable  at  the  moment  of  observa- 
tion. The  observer,  at  O,  will  mark  in  all  these  planes  the 
respective  orientation  of  the  bands  at  least  once  before  and 
once  after  the  total  phase. 

In  the  prolongation  of  these  planes  will  be  placed  six  ob- 
servers, who  will  mark  the  said  orientation  of  the  bands,  each 
in  his  respective  plane,  as  a  check  on  the  observations. 

Six  other  observers  will  measure  the  width  of  the  bright 
parts  between  the  bands  by  comparison  with  the  respective 
scale  ribbons  aa,  bb,  cc,  dd,  cc,  ff.  Each  of  these  ribbons  's 
mounted  upon  two  rollers  forming  an  endless  chain.  The 
rollers  are  so  mounted  that  the  ribbons  may  easily  be  placed 
perpendicularly  to  the  bands. 


:  ntL  i^c"^-  V0'^^  ■ 
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In  the  linen  scale-ribbon  are  drawn  black  bands  measuring 
,  separated  by  increasing  series  from  2  to  30''°,  The  zones 
coinciding  in  width  with  the  separation -zones  will  be  marked 
with  a  pencil  between  the  bands.  Two  other  observers  will 
measure  the  width  of  the  hands  by  comparison  with  a  paste- 
board with  painted  bands  separaled  by  one  half  centimeter. 
Another  six  could  study  the  coloration  of  the  bands  by  means 
of  special  pasteboards  with  painted  bands  in  several  colors, 
black,  earthy,  gray,  etc. 

With  the  data  of  the  first  seven  observers,  and  the  geomet- 
rical studies  of  every  two  or  every  three  of  the  six  planes,  we 
shall  have  all  the  necessary  elements  to  geometrically  calcidalc 
ihe  position  in  space  of  the  generating  elements  of  the  undu- 
latjng  bands,  and  we  shall  be  able  to  advance  most  confidently 
Httmclustons  about  the  true  cause  of  so  interesting  a  phenomenon. 
^1      Madrid,  September  3,  1905. 

I 


PLANETARY    PHENOMENA   FOR   MARCH   AND 
APRIL,  1906. 

Bv  Malcolm  McNeill. 


Firsi  Ouarter,  Mar. 
Full  Moon,        " 

I  Last  Quarter,  " 
Kcw  Moon,  " 
ti; 


OON.    PACIFIC   TIME. 

I   First  Quarter,  April  ( 
Full  Moon, 
Last  Quarter, 


24.    3  51 


I    Nei 


Mot 


The  vernal  equinox,  the  time  when  the  Sun  crosses  the 
uator  from  south  to  north  and  spring  begins,  is  on  March 
1st.  5  A.  M.  Pacific  time. 

Mercury  is  an  evening  star  on  March  ist,  but  is  too  near 
the  Sun  to  be  seen,  setting  only  a  little  more  than  half  an  hour 
after  sunset.  The  distance  from  the  Sun  increases  rapidly; 
by  the  middle  of  the  month  the  planet  remains  above  the  horizon 
more  than  an  hour  and  a  half  after  sunset,  and  can  be  easily 
seen  in  the  evening  twilight  for  a  week  or  more  before  and 


56  Publications  of  the 

after  that  date.  It  reaches  its  greatest  eastern  elongation 
(18°  31')  on  March  i8th.  This  greatest  elongation  is  much 
smaller  than  the  average,  as  Mercury  is  at  the  time  only  six 
days  from  perihelion,  having  passed  that  point  on  March  12th. 
After  passing  greatest  elongation  the  planet  draws  near  the 
Sun,  passing  conjunction  and  becoming  a  morning  star  on 
April  4th.  After  that,  it  recedes  from  the  Sun,  and  by  the 
end  of  the  month  has  nearly  reached  greatest  west  elongation. 
It  will  then  rise  a  little  less  than  an  hour  before  sunrise,  and 
may  possibly  be  seen  in  the  morning  twilight.  On  March  27th 
Fentis  and  Mercury  are  in  conjunction,  the  latter  being  4°  46' 
north.  They  arc,  however,  rather  too  near  the  Sun  at  the 
time  to  be  easily  seen. 

Venus  passed  superior  conjunction  with  the  Sun  and  be- 
came an  evening  star  on  February  13th,  but  does  not  get  far 
enough  away  from  the  Sun  to  be  easily  seen  until  after  the 
middle  of  March.  On  April  ist  it  remains  above  the  horizon 
about  an  hour  after  sunset,  and  this  interval  is  increased  about 
half  an  hour  during  the  month.  Its  greater  brightness,  even 
in  its  present  unfavorable  position,  allows  it  to  be  seen  much 
nearer  the  Sun  than  is  the  case  with  Mercury.  Toward  the 
close  of  the  month  Venus,  Mars,  and  Jupiter  are  all  in  the 
same  quarter  of  the  heavens  in  the  order  of  distance  from  the 
Sun  as  named,  but  none  of  the  three  reach  conjunction  with 
each  other  until  May. 

Mars  is  also  an  evening  star,  and  sets  a  little  earlier  than 
during  January  and  February, — at  8:58  p.m.  on  March  ist 
and  at  8:40  p.m.  on  April  30th.  Its  apparent  distance  from  the 
Sun  diminishes  from  35°  on  March  ist  to  19°  on  April  28th. 
and  it  moves  42"  eastward  and  14°  northward  among  the  stars 
from  Pisces  through  Aries  and  into  Taurus,  At  the  end  of 
April  it  lies  between  the  Pleiades  and  the  first-magnitude  red 
star  Aldebaran,  the  brightest  star  in  the  constellation  Taurus, 
Its  actual  distance  from  the  Earth  is  still  increasing,  although 
not  as  rapidly  as  it  has  lor  some  months,  and  the  increase  will 
continue  at  a  diminishing  rate  until  the  latter  part  of  July. 
By  the  end  of  April  its  brightness  will  be  within  about  twenty 
per  cent  of  the  minimum ;  but  it  will  still  be  brighter  than  the 
Pole  Star  and  may  be  seen  as  long  as  it  remains  above  the 
horizon,  somewliat  more  than  an  hour  after  sunset. 
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Jupiter  is  still  an  evening  star,   rather   farther  from  the 

1  than  the  otliers  already  mentioned.     It  does  not  set  until 

nidnight  on  March  ist,  and  at  the  end  of  April  it  remains 

above  the  horizon  until  after  g  o'clock.    It  is  in  the  constellation 

Taurus,  and   diinng   March  and  April  moves    ii°   eastward 

_and  2°  northward.     On  March  ist  it  is  a  little  south  of  the 

Pleiades,  and  at  the  end  of  April  it  is  about  5°  north  of  Alde- 

tran,  a  Tauri. 

Saturn  passed  conjunction  with  the  Sun  on  February  24th 
od  became  a  morning  star,  but  does  not  move  far  enough  away 
■om  the  Sun  to  be  seen  in  the  morning  twilight  until  nearly 
Bie  end  of  March,  On  April  1st  it  rises  about  an  hour  before 
mrise,  and  on  April  30th  a  little  more  than  two  hours  before 
:  Sun.  Toward  the  end  of  April  the  planet  is  far  to  the 
Riuth  of  the  Sun,  and  its  rising  point  on  the  horizon  is  about 
lUth  of  that  of  the  Sun.  The  rising  point  of  the  planet 
Ranges  slowly,  while  that  of  the  Sun  moves  rapidly  north- 
'ward  during  the  spring.  , 

Uranus  is  a  morning  star,  rising  at  about  3:30  a.m.  on 

March  ist  and  at  about  1 1 :3Q  p.  M.  on  April  30th.   It  is  in  quad- 

i/ature  with  the  Sun — that  is.  at  right  angles  to  it  as  seen  from 

Ac  Earth — on  March  syth,  U  is  in  the  constellation  Sagillariiis 

t  short  distance  north  of  the  milk-dipper  group,  moves  about 

'  eastward  until  April  13th,  and  then  begins  to  move  slowly 

istward.    There  is  no  bright  star  near  enough  to  make  idenli- 

ation  easy. 

Neptune  is  in  almost  exactly  the  opposite  part  of  the  sky, 
ring  above  the  horizon,  while  L'ranus  is  below.  It  is  in  the 
jDnstellation  Cemini  several  degrees  west  and  south  of  Castor 
I  Pollux,  the  principal  stars  of  the  constellation.  It  is  far 
>  faint  to  be  seen  without  the  aid  of  a  telescope. 


(JFIFTIETH)   AWARD  OF  THE  DONOHOE  COMET- 
MEDAL. 


The    Comet-Medal    of   the   Astronomical   Society   of    the 
^cific  has  been  awarded  to  Michel  Giacobini,  Astronomer, 
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Nice,  France,  tor  his  discovery  of  an  unexpected  coi 
March  26,  1905. 

Committee  on  the  Comet- Medal : 
W.  W.  Campbell, 
Wm.  H.  Crocker, 
Chas.  Buxckhalter. 
San  Francisco,  January  ti,  1906. 


(FIFTY-FIRST)    AWARD  OF   THE  DONOHOE 
COMET-MEDAL. 

The  Comet-Medal  of  the  Astronomical  Society  of  the 
Pacific  has  been  awarded  to  Emil  Schaer,  Astronomer, 
Geneva,  Switzerland,  for  his  discovery  of  an  unexpected  comet 
on  November  17,  1905. 

Committee  on  the  Comet-Medal : 
W.  W.  Campbell, 
Wm.  H.  Ckockeb, 
Chas.  Burckhalter. 
San  Francisco,  January  11,  1906. 


(FIFTY-SECOXD)    AWARD  OF  THE  DONOHOE 
COMET-MEDAL. 

The  Comet-Medal  of  the  Astronomical  Society  of  the 
Pacific  has  been  awarded  to  Michel  Giacobini,  Astronomer, 
Nice,  France,  for  his  discovery  of  an  unexpeaed  comet  on 
December  6,  1905. 

Committee  on  the  Comet-Medal : 
W.  W.  Campbell, 
Wm.  H.  Crocker, 
Chas.  Burckhalter. 
San  Francisco,  January  11,  1906 


rOTES   FROM     PACIKIC  COAST   OBSERVATORIES. 
A   Hrhguammi!  of  Solar  Reseakch.' 
The  following  programme  of  solar  research  lias  been  pre- 
pared for  the  Solar  Observatory : — 

1.    UIRi;CT    PH0TOt;HAI'HY, 

.  (fl)   Daily  photographs  of  the  Sim  on  a  scale  of  6.7  inches 
(17'^™)  to  the  diameter,  for  comparison  with  the  spec- 
troheliograph  plates. 
It)   Large  scale  photographs  of  spots  and  other  regions,  for 
the  study  of  details. 

PHOTOGRAPHIC   STL'niES  OF   THE    SOLAR    ATMOSl'HRRE    WITH 
THE  SPECTROHELIOGRAPH. 

5(o)  Daily  photographs  of  the  Sim  with  the  lines: — 

( 1 )  H„  showing  the  calcium  flocculi  at  low  level. 

(2)  Hj,  showing  the  calcium  flocculi  at  higher  level. 

(3)  Hj,  showing  the  calcium  flocculi  at  higher  level  and 
the  prominences  (composite  photographs,  with  sep- 
arate ex|)03ures  for  flocculi  and  prominences). 

(4)  Hi,  showing  the  hydrt^en  flocculi. 

(5)  Other  dark  lines,  as  may  prove  feasible,  showing  ihe 

flocculi  of  the  corresponding  elements.' 
(fr)  Measurement  and  discussion  of  the  above  photographs, 
involving : — 
( I )  Determination  of  the  area  of  the  flocculi  and  their 
distribution  in  heliographic  latitude  and  longitude 
These  results  will  give  a  measure  of  the  relative 
activity  of  different  elements  in  various  regions  of 
the  solar  surface;  furnish  the  means  of  answering 
certain  questions  regarding  the  relationship  of 
floccidi  to  spots,  such  as  the  time  of  first  appear- 


dully. 
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ance,  relative  position  on  the  disk,  etc.;  and  serve 
for  comparison  with  meteorological  and  magnetic 
records. 

(2)  Measurement  of  the  heliocentric  position  of  points  in 

the  liocculi  that  can  be  identified  on  several  suc- 
cessive photographs,  to  determine  the  law  of  the 
solar  rotation  for  the  corresponding  elements. 

(3)  Determination  of  the  position,  area,  and  brightness 

of  eruptive  phenomena,  to  find  whether  they  are 
related  to  other  phenomena  of  flocculi  or  spots,  to 
possible  changes  in  the  absorption  of  the  solar  at- 
mosphere, and  to  auroras  and  magnetic  storms. 

(4)  Measurement  of  the  area  and  brightness  of  the  neutral 

or  bright  regions  near  sun-spots,  on  photographs 
of  the  hydrogen  flocculi,  for  comparison  with  other 
phenomena,  such  as  the  velocity  of  ascending  and 
descending  currents  of  calcium  vapor,  the  radiation 
( for  given  wave-lengths)  of  the  spots  and  neigh- 
boring regions,  etc. 

(5)  Study  of  the  motion  of  the  high-level  calcium  vapor, 

especially  in  flocculi  overhanging  sun-spots,  to  de- 
termine the  direction  and  velocity  of  horizontal 
currents. 

(6)  Measurement   of   the   position   and   area   of   promi- 

nences, and  study  of  their  relationship  to  solar  and 
terrestrial  phenomena. 
(c)  Special  studies  with  spectroheliographs  of  suitable  dis- 
persion, involving  the  use  of  various  dark  lines  (in- 
cluding enhanced  lines)  and  of  Hnes  aflfected  in  spots: 
simultaneous  photographs  of  eruptions  on  the  disk  in 
different  lines;  comparative  studies  of  quiescent  and 
eruptive  prominences  with  the  hydrogen  and  calcium 
lines,  etc. 

III.     SPIXTROSCOPIC   INVKSTIGATIONS. 

(a)  Daily  photographs  of  the  spectra  of  spots,  region  Ho. 
to  //^,  for  the  determination  of  intensities  and  the 
identification  of  lines  that  are  widened  or  otherwise 
affected.^ 


1  These  photographs  may  also  chance  to  record  such  exceptional  phenomena  as  the 
remarkable  disturbance  of  the  reversing  layer  described  in  a  previous  paper  (i4j/ro/Av.riVa/ 
Journal,  Vol.  XVI,  220,  1902). 
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W  ib)   Photographs  of  the  H  {or  Kj  Une,  wilh  high  dispersion. 
I  on  successive  seciions  of  the  disk,  to  give  the  radial 

I  velocity  of  the  calcium  vapor  in  the  floccuU,  chromo- 

I  sphere,  and  prominences. 

I    (c)   Measurements  with  the  bolometer  of  the  relative  radiation, 
r  corresponding  to  various  wave-lengths,  of  the  sun-spots 

and  photosphere,  and  holographs  of  spot  spectra. 
id)    Spectrograph ic    measurements    of    the    solar    rotation,    to 

determine  the  law  of  rotation  with  the  lines  of  various 

elements,  and  to  detect  possible  changes  in  the  rotation 

period.     (See  also  II  (fc),2.) 
t_t')    Miscellaneous   investigations,   as   opportunity  may   offer, 

of  the  spectrum  of  the  chromosphere;  the  pressure  in 

the  solar  atmosphere,  etc. 

IV.    STUDIES   OF    THE   TOTAL    SOLAR   RADIATION, 

(o)  Frequent  determinations  of  the  total  solar  radiation,  in- 
volving measures  with  the  pyrheliometer  at  various 
altitudes  of  the  Sun,  and  simultaneous  holographic 
records  to  give  the  absorption  of  the  Earth's  atmosphere. 

(6)  Frequent  determinations  of  the  absorption  of  the  solar 
atmosphere  for  light  of  various  wave-lengths,  to  detect 
any  possible  changes  in  absorption  that  might  account 
for  observed  changes  in  the  total  radiation, 

(tr)  Occasional  supplementary  observations  on  Mt.  San  Antonio 
(24J/;  miles  —  39.4''™  from  Mt.  Wilson)  at  an  altitude 
of  10,100  feet  (3,500"), 

(d)   A  comparative  study  of  different  types  of  pyrhdiometcrs. 

V.    LABORATORY  INVESTIGATIONS, 

(fl)   A  Study  of  the  lines  affected  in  sun-spots  under  various 

conditions  of  temperature,  pressure,  etc. 
I  h)    Determinations  of  the  pressure  shifts  of  certain  solar  lines. 

i(c)  Other  similar  investigations. 
With  a  few  exceptions,  these  investigations  are  now  in 
progress  at  the  Solar  Observatory.  Direct  photographs  of 
the  Sun  are  taken  daily,  but  large-scale  photographs  of  details 
have  not  yet  been  started.  The  daily  spectroheliograph  routine 
includes  H,,  H,,  HI,  and  X4045  (Fe)  photographs  of  the 
disk,  and  Hj  (composite)  photographs  of  the  floccuU  and 
prominences,  all  on  a  scale  of  (>.-]  inches  to  the  Sun's  diameter. 
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(See  Contributions  No.  7.)  Special  studies  with  the  spectro- 
heliograph  are  also  in  progress.  An  account  of  the  work  on 
spot  spectra  and  on  the  motion  of  the  calcium  vapor  may  be 
found  in  Contributions  Nos.  5  and  6.  Special  apparatus  for 
the  spectrographic  study  of  the  solar  rotation  has  been  nearly 
completed  in  our  instrument-shop.  The  study  of  the  solar 
radiation  has  so  far  been  confined  to  the  investigations  of  the 
Smithsonian  expedition  (June- November,  1905),  but  arrange- 
ments have  been  made  to  continue  this  work  next  year.  Labo- 
ratory researches  will  be  undertaken  shortly  with  instruments 

which  are  now  beine  installed.  ^  t-    »^ 

'^  George  E.  Hale. 

Solar  Observatory. 

First  Catalcxiue  of  Spectroscopic  Binaries.^ 

The  application  of  the  Doppler-Fizeau  principle  to  the 
study  of  the  stars,  by  photographic  means,  has  led  to  the 
discovery  of  an  entirely  new  class  of  stellar  systems,  known 
as  spectroscopic  binaries.  This  term  is  in  general  applied 
to  those  stars  which  are  apparently  single  when  viewed  through 
our  most  powerful  telescopes,  but  which  the  spectrograph  has 
shown  to  be  accompanied  by  invisible  companions.  However, 
the  condition  that  the  companions  shall  be  invisible  is  too  lim- 
ited, and  it  is  more  satisfactory  to  class  with  the  spectroscopic 
binaries  all  stars  whose  radial  velocities  have  been  observed 
to  vary.  The  discovery  of  the  first  spectroscopic  binary, 
f  Urs(r  Major  is,  was  made  by  Professor  Pickering  in  1889. 
The  objective-prism  spectrograms  of  this  star  showed  that 
it  consisted  of  two  components,  approximately  equal  in  bright- 
ness, in  rapid  revolution  around  their  center  of  mass.  The 
second  discovery,  made  by  Professor  Vogel  from  plates 
secured  with  a  slit  spectrograph,  related  to  Algol  and  the 
massive  and  relatively  very  dark  companion  which  partially 
occults  the  bright  primary,  for  terrestrial  observers,  once  each 
revolution.  In  successive  years  additions  to  the  list  wefe  made 
by  PicKKRiNG,  Vogel,  Belopolsky,  Miss  Maury,  Mrs.  Flem- 
ing, and  Bailey,  until,  in  the  summer  of  1898,  thirteen  spec- 
troscopic binaries  were  known.  Since  that  date  the  number 
has  increased  with  great  rapidity.     The  systems  observed  up 

I  Extract  from  the  Lick  Observatory  BulUtin  No.  79. 


p 


Aslronomical  Society  of  the  Pacijic.  63 

to  January  i,  1905,  numbered  one  hundred  and  forty.  A  tabu- 
lation of  these  by  observalories  may  be  of  interest. 

Lick  Observatory  (Mills  spectrograph)  58 

Lick  Observatory   (D.  O.  Mills  expedition   to  the 

Southern  Hemisphere)    14 

Yerkes   Observatory   (Bruce   spectrograph) 41 

Harvard  College  Observatory   8 

Lowell  Observatory , y 

Puikova  Observatory  6 

Potsdam  Observatory  4 

Meudon  Observatory 2 

Cambridge  Observatory  i 

Visual    binaries    observed    radially,    but    without 

variation  6 


Deduct    for   bitiarics    independently   discovered   at 

Total    140 

The  literature  concerning  the  discovery,  observation,  and 
idy  of  these  systems  is  quite  widely  scattered,  and  the  require- 
ments of  the  work  with  the  Mills  spectrograph  have  led  us 
to  collect  and  tabulate  the  data.  The  time  appears  to  have 
arrived  when  their  publication,  in  a  form  which  we  venture 
to  entitle  a  "First  Catalogue  of  Spectroscopic  Binaries,"  will 
prove  useful  to  many  investigators  in  this  and  other  depart- 
ments of  astronomy. 

[The  catalogue,  covering  eight  quarto  pages  of  tabular 
liter,  is  here  omitted.J 

Strictly  speaking,  the  six  stars,  a[_  oj  Gemitwrum,  y  Leonis, 
y  I'irginis,  aCenlauri,  61  Cygni,  and  SEquulci,  have  not  yet 
been  observed  as  spectroscopic  binaries.  The  differences  of 
the  radial  speeds  of  their  components  have  been  meastired,  but 
these  differences  have  not  been  observed  to  vary.  However, 
their  inclusion  is  a  convenience  and,  we  think,  unobjectionable. 
While  every  visual  binary  carries  the  possibility  of  measure- 
ment as  a  spectroscopic  binary,  the  number  of  stich  stars  avail- 
able for  observation  in  the  near  future  is  limited,  and  all  such 
may  well  be  placed  upon  the  spectrographic  observing- list. 

The  number  of  spectroscopic  binary  systems  not  resolvable 

our  powerful  telescopes  is  relatively  very  large.     Of  the 


1^, 
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stars  studied  with  the  Mills  spectrograph,  at  least  one  in  seven 
seems  to  be  an  invisible  binary  of  short  period.  For  the 
''Orion"  type  of  stars,  obser\'ed  especially  with  the  Bruce  spec- 
trograph, the  remarkable  proportion  of  one  in  three  was  found. 

Only  those  systems  have  been  detected  whose  periods  arc 
relatively  short,  and  for  which  the  variations  of  radial  speed 
are  considerable.  The  smallest  observed  variation  is  that  of 
Polaris, — six  kilometers  per  second.  Had  the  variation  for 
Polaris  been  only  one  kilometer,  it  would  no  doubt  have  escaped 
detection.  Such  a  variation  could  be  measured  by  present 
instruments  and  methods;  but  this  range  w^ould  not  have  ex- 
cited the  observer's  suspicion,  and  the  discovery  would  have 
remained  for  the  future.  It  is  probable  that  there  are  more 
systems  with  variations  of  speed  under  six  kilometers  than 
there  are  with  larger  ones ;  and  all  such  are  awaiting  discover}*. 
The  velocity  of  our  Sun  through  space  varies  slightly,  because 
it  is  attended  by  companions, — very  minute  ones  compared 
with  the  invisible  bodies  discovered  in  spectroscopic  binar}' 
systems.  It  is  revolving  around  the  center  of  mass  of  itself 
and  its  planets  and  their  moons.  Its  orbit  around  this  center  is 
small,  and  the  orbital  speed  very  slight.  The  total  range  of 
speed  is  but  three  one-hundredths  of  a  kilometer  per  second. 
An  observer  favorably  situated  in  another  system,  provided 
with  instruments  enabling  him  to  measure  speeds  with  absolute 
accuracy,  could  detect  this  variation,  and  in  time  sav  that  our 
Sun  is  attended  by  planets.  At  present,  terrestrial  observers 
have  not  the  power  to  measure  such  minute  variations.  As 
the  accuracy  attainable  improves  with  experience,  the  propor- 
tional number  of  spectroscopic  binaries  discovered  will  un- 
doubtedly be  enormously  increased.  In  fact,  the  star  which 
seems  not  to  be  attended  by  dark  companions  may  be  the  rare 
exception.  There  is  the  further  possibility  that  the  stars  at- 
tended by  massive  companions,  rather,  than  by  small  planets, 
are  in  a  decided  majority ;  suggesting,  at  least,  that  our  solar 
system  may  prove  to  be  an  extreme  type  of  system,  rather  than 
a  common  or  average  type. 

The  number  of  spectroscopic  binaries  discoverable  by  pres- 
ent means  is  certainly  a  large  proportion  of  the  stars  brighter 
than  the  eighth  photographic  magnitude.  This  is  about  the 
present  limit  for  successful  observation.     It  must  be  remem- 
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bered  ihal  in  a  spectrum  the  liglit  ts  spread  over  a  large  area. 
The  recording  of  the  spectrum  of  a  ninth-magnitude  star, 
using  moderate  dispersion,  is  perhaps  comparable  with  photo- 
graphing a  twentieth-magnitude  star  by  means  of  our  power- 
ful rertecling  lelcscopes.  Further,  the  successful  measurement 
of  moderate  dispersion  spectrograms  requires  that  the  image 
be  of  good  intensity  and  that  the  observational  conditions 
be  favorable. 

In  any  given  list  of  stars  the  number  of  binaries  discov- 
erable by  spectrographic  means  seems  to  exceed  greatly  the 
number  observable  visually.  Messrs.  Hl'SSey  and  Aitken 
have  found  that  oi  stars  brighter  than  the  ninth  magnitude,  one 
in  eighteen  is  double  in  the  36-inch  refractor,  with  components 
less  than  5"  apart.  This  limit  of  5"  represents  in  genera!  a 
continually  increasing  hnear  separation  of  the  components  as 
we  pass  to  fainter  and  fainter  stars.  The  ability  of  the  spectro- 
graph to  resolve  close  pairs,  on  the  other  band,  is  independent  of 
their  distances  from  us,  provided  they  supply  sufficient  light  for 
accurate  observation  and  their  spectra  contain  measurable  lines. 

The  companions  of  binaries  discovered  by  means  of  the 
spectrograph  have  not  been  observed  visually  in  our  powerful 
telescopes,  although  they  have  been  carefully  searched  for. 
They  may  be  so  close  to  the  principal  star  that,  viewed  from 
our  distance,  the  two  images  cannot  be  resolved.  The  separa- 
tion of  the  components  is  probably  less  than  one  hundredth 
of  3  second  of  arc  for  most  of  the  binaries  thus  far  announced. 
Again,  for  very  few  of  the  systems  are  the  spectra  of  both 
components  recorded.  This  does  not  establish  that  the  com- 
panion is  a  dark  body,  but  only  that  it  is  at  least  one  or  two 
photographic  magnitudes  fainter  than  the  primary.  The 
fourth-magnitude  companion  of  a  second-magnitude  star  would 
scarcely  be  able  to  impress  its  lines  upon  the  primary's  spectrum. 
The  invisible  components  in  many  spectrographic  binaries 
might  be  conspicuous  stars  if  they  stood  alone. 

It  is  evident  that  future  catalogues  of  spectroscopic  binaries 
will  contain  thousands  of  entries.  It  will  be  neither  possible 
nor  desirable  for  them  to  include  the  observational  data. 
Mainly  for  this  reason  we  have  decided  in  the  present  catalogue 
»  let  references  to  the  original  publication  suffice  in  nearly 
U  cases. 
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The  blank  spaces  in  the  columns  of  orbital  elements  em- 
phasize the  strong  need  for  work  in  that  direction.  There  can 
be  little  doubt  that  a  comparative  study  of  spectroscopic  orbits 
and  of  spectroscopic  and  visual  orbits  would  be  most  fruitful 
of  results.  W.   W.   Campbell, 

Heber  D.  Curtis. 

The  Spectrographic  Binary,  Y  Oph/ucni. 

During  the  summer  and  fall  of  1905  a  good  series  of  spec- 
trograms of  the  variable  star  Y  Ophiuchi  were  obtained  with 
the  one-prism  spectrograph.  The  plates  thus  far  measured 
and  reduced  give  a  velocity-curve  of  double  amplitude  of 
about  20^™  and  a  period  coinciding  with  the  period  of  light 
variation,  which  is  17.12  days.  The  minimum  velocity  seems 
to  occur  about  two  days  after  the  epoch  of  light-maximum. 

January  25,  1906.  Seb.  Albrecht. 

Note  on  the  Recent  Observations  of  the  Radial  Velocity 

OF  a  DraCONIS, 

a       14^  i™.7  Type  A       Vis.  magn.      3.6 

8  -+-  64''  51'  Photo,  magn.  4.0 

a  Draco iiis  was  announced  as  a  spectroscopic  binary  by  Di- 
rector Campbell  and  Dr.  H.  D.  Curtis  in  1903  (L.  O.  Bulletin 
Xo.  46)  from  an  observation  of  its  radial  vdocity  in  1902,  and 
two  in  1903.  The  first  plate  of  June  16,  1902,  gave  a  velocit/ 
of  zh  o^™,  while  the  plates  of  April  29th  and  May  4th  gave 
velocities  of  — 43*^™  and  — 42^™,  respectively.  Three  plates 
have  been  obtained  since  the  above,  the  measures  of  which, 
made  bv  the  author,  are  as  follows : — 

Plate.  Date.  Velocity. 

3272B  1904  June        19  — 42^™ 

383 1 B  1905  June        13  —42 

4152E  1906  January   4  — 40 

Director  Campbell  has  asked  me  to  call  attention  to  the 
fact  that  our  recent  measures  agree  among  themselves,  and 
with  those  of  April  29  and  May  4,  1903,  so  thaf  the  binary 
character  of  a  Draconis  rests  upon  the  plate  of  June  16.  1902. 
The  velocity  from  this  plate  is  based  upon  the  magnesium  line 
4481,  which  is  slightly  out  of  focus.     Repeated  measures  by 
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several   observers   make   it   improbable   that   the   velocity   of 

±_  o*™  is  in  error  as  much  as  5^™.    We  have  also  taken  every 

means  at  hand  to  assure  ourselves  that  this  plate  is  not  that 

of  some  other  star.  ^    _..    _  _ 

J.  H.  MooRE. 
January  25,  1906. 

The  Spectroscopic  Binary  A  Hydr/e. 

a       10^  5™. 7  Type  K      Vis.  magn.      3.8 

8  —  11°  51'  Photo,  magn.  4.9 

The  binary  character  of  XHydrce  was  suspected  by  Mr. 
W.  H.  Wright  from  observations  of  its  radial  velocity  in 
1898,  1899,  ^^^  1900,  and  confirmed  by  the  recent  measures 
of  Mr.  K.  Burns. 

The  following  is  a  list  of  good  plates,  and  their  measures 
obtained  with  the  Mills  spectrograph: — 


Plate. 

Date. 

Velocity. 

Measured  by 

686A 

1898 

March 

30 

233 

Wright. 

II74D 

1899 

Feb. 

13 

22.9 

it 

16/I8C 

1900 

Feb. 

2 

18.6 

it 

1 660  A 

Feb. 

26 

19.4 

i( 

1661D 

March 

9 

18.4 

i( 

1675B 

March 

12 

19.2 

II 

1682C 

March 

13 

19.0 

II 

1694C 

March 

27 

19.2 

II 

1967D 

Dec. 

3 

I5-I 

Burns. 

2010D 

1901 

Jan. 

15 

174 

Reese. 

232 1 D 

Dec. 

23 

21.4 

II 

2627C 

1902 

Dec. 

31 

24.1 

Burns. 

2706D 

1903 

Feb. 

23 

22.5 

II 

3186A 

1904 

March 

31 

19.9 
18.0 

Brasch. 
Moore. 

Unfortunately  the  plates  are  not  distributed  in  such  a  man- 
ner as  to  give  a  good  determination  of  the  period. 

January  25,  1906.  J.  H.   MoORE. 

Eclipses  of  Satellites  of  Jupiter. 

The  following  eclipse  phenomena  of  Jupiter's  satellites  were 
observed  here  with  the  12-inch  refractor  and  its  3-inch  finder. 
The  powers  used  were:  12-inch,  155,  except  in  cases  indicated 
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in  column  "  Remarks " ;  3-inch,  18.5.  Dr.  Aitken  kindly 
secured  the  observations  of  December  22d  and  29th  in  my 
absence.  The  times  recorded  are  the  latest  or  earliest  moment 
at  which  the  satellite  was  certainly  seen.  Very  few  eclipse 
disappearances  and  reappearances  of  Satellite  I,  observable  at 
Mt.  Hamilton  since  1905,  October  isth,  were  missed. 


Pheno-      Am.  Eph.  and  N.  A. 
menon.  Wash.  M.  T. 


Observed  Wash.  M.  T. 
la-inch.  3-inch. 

Ec.  Dis.    1905  hms  hms  hms 

I       Oct.  19,    18  38   II    Before  38  Zl  18  38  0^ 


Remarks. 


0.8  of  Jupiter^s  disk  occulted  by  cross-wires 
of  finder. 


I  21.   13  06  43  •        13  OS  58    ""'.'**f.'*f=  ••  I  ea.ll,^n«.rly.  minute 

*/     »/  ^  later";  time  not  recorded. 

Ill  23,  12  03  00  12  05  58  12  04  34  la".  power64. 

I  26,  20  32  34  before  32  55  20  32  00  Seeing  very  good,    la",  power  64. 

II  27,  12  31   00  12  ZZ  55  12  32  37  Finder,  glimpsed  at  49" 7 

I  Nov.  6.  II   24  23  II    24  37  II  23  42  Poor  conditions.    1  a'',  glimpsed  at  39"? 

Ill  6,  20  02  57  20  09  50  20  08  09  la",  power  64. 

I  13.   13   19  06  13   19   13  13   18  48    Seeing  poor.    Finder  time  late  ?     xa"  slightly 

out  of  focus. 

I  18,  20  45    1 1  20  45    12  Seeing  poor.    I  not  seen  in  finder,  though 

observation  started  at  ao:4i.7.      Ec.  Dis. 

At  or  slightly  before  ^^"^  «o  <*»»^  "^  P^'"*'- 

,     I  20,    15    13   58  13   55  High  N.W.  wind,  but  seeing  fair.     Drivinc 

clock  stopped.  I  not  seen  in  finder.  Ob- 
servation Started  at  15:10.5.  Ec.  Dis.  close 
to  disk. 

I  22.     9  42  38  9  42  24  Seeing  fair  till  9:4a:24  when  door  was  opened 

and  seeing  became  extremely  poor.  Would 
probably  have  been  seen  3>  longer.  Obser- 
vation began  at  about  9:36.  I  not  seen  in 
finder,  though  at  about  9:38,  08  otjnpiter'i 
disk  was  occulted  by  cross-wires.  Ec.  Dis; 
Ec.  Re.  very  close  to  disk. 

Dec.  I,     8   15  01  8   18  41    Seeing  very  poor  after  storm.     Observation 

difficult. 

6,    15  41   23  15  40  30  15  41   31    Seeing  fairly  good,    xa",  time  probably  at  or 

3«  late. 

8,    10   10   17  10  09  24  10   10   18    Finder,  i8t?    Seeing  variable.    Air  steady  at 

j8«?    Easily  seen  at  4aa. 

22,    14  01    10  14  00   II  14  02   16    Observer.  R.  G.  A.    Poor  seeing. 

29,   15   56  45  15  55   57  15   57  09    Observer.  R.  G.  A. 


1906 
Jan.  23.  10  41  55 

30.  12  37  45 


10  42  13         10  42  47 
12  36  58         12  Z7  44 


Seeing  fair.    Times  late  ?    I  seen  with  eas« 
at  times  recorded. 

Good  conditions. 


January  31.   1906. 


James  D.  Maddrill. 
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Nova  Aquil^  No.  2. 
A  single  magnitude  observation  of  Nova  Aqiiilte,  made  De- 
cember i6ih,  completes  my  series  for  1905.     (See  these  Publi- 
cations, October  and  December.)      Further  measures  cannot 
be  made  here  till  the  latter  part  of  February. 

The  estimates  were  made  with  the  12-inch,  power  155,  by 

the  Argelander  method,  at  a  large  hour-angle   (s^.i)   under 

poor  atmospheric  conditions.     Four  photometric  settings  on 

|.  the  star  f,  with  the  12-inch,  November  25th,  gave  for  its  mag- 

Kutude  13.46. 

^K  C.  M.  T..  190J.  Esllmstes.  A-oiia. 

^m       Dec.  i6''.6o    e  $-6x 'iNova  12  f;  dSe&Nova    i2'".i 
^H      The  value  of  a  step  from  this  observation  is  0^.085. 

^M        January  25,  1906.  JamES   D.    MaDDRILL, 


t 
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Ratnf.xll  at  Mt.  Hamilton, 
Until  the  gtli  of  January  the  season  beginning  1905,  July, 
threatened  to  be  a  dry  one.     From  January  nth  to  19th,  how- 
ever, almost  continuous   rain   brought  the  season   record   up 
from  4.93  inches  to  17.23  inches.    The  heaviest  fall 

In  one  hour  was  0.77*°,  from  12 140  to  1 140  p.  m., 

January  12th, 
In  24  consecutive  hours  was  3.86'",  from  3  \:  m., 
January  1  ilh,  to  3  f.  m.,  January  12th. 
Of  the  latter  3.39  inches  fell  in  the  last  12  hours.     The  next 
day  the  fall 

In  24  consecutive  hours  was  3.83'",  from  6  a.  m., 
.  January  13th,  to  6  a.  m.,  January  14th. 

BD/  this  3.61  inches  fell  in  12  hours,  from  7  a.  m.  to  7  p.  m. 

The  twenty-five-year  summari"  at  the  conclusion  of  this 
article  shows  that  about  14.5  inches  are  to  be  expected  by 
January  19th;  hence  we  are  about  2.7  inches  ahead  of  the 
normal  .season. 

A  table  of  the  rainfall  by  months  for  the  first  twelve  years, 
1880.  July  - 1892,  June,  was  compiled  by  Mr.  Perbine  in  1893 
and  pubHshed  in  these  Publications  (Vol.  V,  p.  126).  The 
following  table  is  a  continuation  to  1905,  June;  and  a  summary 
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in  the  last  two  columns  based  on  all  the  rainfall  data  for  the 
twenty-five  years. 

Melted  snow  is  included  with  rain. 


1892  1893  1894  1895  1896  1897   1898   1899 

Month.              1893  1894  189s  '1896  1897  1898         1899         1900 

in.  in.  in.  in.  in.  in.            in. .          in. 

July 0.00  0.00  0.02  O.OI  0.00  0.00        0.06        0.00 

August  0.00  0.00  0.00  0.00  0.28  0.00      0.00      0.12 

September    . .     0.24  0.48  1.64  0.08  0.47  0.07       0.29      0.00 

October 1.38  0.66  2.98  0.78  1.85  1.25       1.33      6.37 

November...    10.30  4.01  0.84  2.46  5.86  1.51       1.23       4.92 

December   ...     5.56  3.58  11.90  3.16  4.91  2.70      2.13       4.16 

January 3.29  9.74  lo.oo  9.54  3.50  2.30       5.63       3.26 

February 3.45  10.52  3.08  1.08  7.42  4.16       0.75       1.70 

March    8.99  2.54  1.46  3.83  6.45  2.04     11. 11       3.37 

April 3.61  0.89  2.30  6.7c  0.82  0.84       1.40      4.06 

May    0.95  2.78  2.39  2.10  0.28  241       1.47       1.35 

June   0.16  0.64  0.00  0.02  0.38  0.38       0.39      0.00 

Annual    37.93  35.84  36.61  29.76  32.22  17.66    25.73     29.31 

Mean  Sim 

Month                ^900  X90I  190a  1903  1904  a5-year           to  End 

^°"'''-               1901  1902  1903  1904  1905  Mean.          of  MoSth. 

in.  in.  in  In.  in.  in.                  in. 

July O.OI  0.00  0.00  o.oo  o.oo  o.oo           o.oo 

August 0.02  0.05  0.00  0.00  0.05  0.03           0.03 

September    . .     0.08  1.08  0.00  o.oo  2.33  0.41            0.44 

October  3.48  2.19  2.09  0.47  2.51  1.82            2.26 

November  . . .     7.76  2.89  3.01  7.69  2.05  3.01             5.27 

December  ...     2.21  1.61  3.11  1.39  3.84  6.53          11.80 

January   5.76  1.44  8.86  1.98  4.04  4.67          16.47 

February 5.92  9.15  2.20  9.53  3.89  4.72          21.19 

March    1.98  5.18  9.89  8.06  5.91  5.39          26.58 

April 3.33  2.60  1. 12  4.38  1.36  3.11          29.69 

May    1.07  1. 19  '  0.05  0.45  2.27  1.63          31.32 

June   0.02  0.00  0.00  0.03  0.00  0.38          31.70 

Annual    31.64  27.38  30.33  3398  28.25  3170 

January  22,  1906.  James  D.   Maddrill. 


A  Double-Star  Problem. 

Bl'rnham  has  called  95  C^/i  (z=Alvan  Clark  2)  "the 
most  mysterious  and  stranp^c  double  star  in  the  heavens.  I 
have  tried  it,"  he  says,  "first  and  last,  perhaps  hundreds  of 
times  with  apertures  all  the  way  from  6  to  36  inches  without 
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being  able  to  see  any  irace  of  the  little  star,"  He  did,  however, 
measure  it  on  two  nights  in  1888. 

My  own  experience  confirms  Burnham's  estimate  of  the 
mysterious  nature  of  this  system,  and  it  is  one  object  of  the 
present  note  to  add  another  chapter  to  its  history.  My  second 
object  is  to  show  that  this  star  is  not  in  a  class  by  itself  by 
giving  some  observations  of  three  other  stars,  two,  at  least,  of 
which  present  very  similar  difficulties  to  those  encountered  in 
the  attempt  to  harmonize  the  observations  of  95  Ceti. 

These  three  stars  are  80  Tauri  (=2554),  Draconts  205 
(=  ^97'  )■  a"d  0  163  (LI.41386J ;  and  my  recent  measures  of 
them  and  of  95  Ceti  are: — 


136°., 


95  t"^''- 

.    Migniludca. 

6-9 


i2-inch  and  36-indi 
four  nights  with  the 


0-5 
1900  and  1901.    Companion  not  seen 

36-inch  telescope,  the  seeing  being  very  good. 
^■904.93.    Companion  invisible  with  36-inch  telescope.     Seeing 
^B       good..  2^. 
^0906.014       i66°.6      o".48      fi  —  9  4-       1°       36-inch 

P  2  554- 

1904.9.     Star  round  on  many  nights  and  no  companion  seen 

with  36-inch.     Special  pains  taken  because  of  Professor 

Hussey's  discovery  of  a  difficult  pair  near  by  (See  Hu. 

1080).    Professor  Hussev,  too,  could  see  no  companion  to 

S554- 
1905.994      44°.9      o".57      6  — y       36-inch       Seeing  3 
1906-014      38  .0      o  .55      6  —  9       36-incb       Seeing  4 

J8971. 
1900.749        8°.o      o",37      6.5  —  9      36-inch     1°  Seeing  3 
1902.315       29.3      0.34      6.0  —  9.5    36-inch    I     Seeing2+ 
1904.44'         Star  single.    Powers  to  1500  on  36-inch.    Several 

good  nights, 
1905,288        36  .6      o  .37      6  —  g      36-inch     Seeing  2+ 
1905.458  to  1905.751.  Star  single  oi!  four  good  nights.  36-inch. 
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1898.74      2S3°.2      o".63      7  —  9.6      12-inch      3^ 
1905,  July  and  August.    No  companion  seen  with  the  36-inch 
on  many  nights — some  of  them  excellent.     Star  identified 
with  certainty,  and  on  one  good  night  all  neighboring  stars 
to  the  magnitude  9.0  carefully  examined. 

95  Ccti  was  discovered  by  Alvan  Clark  in  1853  with  a 
7J/2-inch  refractor,  and  was  first  measured  by  Daw-es  in  1854. 
The  positive  measures  to  date  are : — 

1854.80  71'' .9  o".73it  Dawes  (3  nights). 

1888.77  112  .8  O  .45  BuRNHAM  (2  nights). 

1897.83  147  .8  o  .46  See  and  Boothroyd  (i  night). 

1898.15  136  .7  O  .51  AiTKBN  (2  nights). 

1899.82  157  .0  O  .35  See  (2  nights). 

1906.01  166  .6  O  .48  ArrKEN  (i  night). 

80  Tauri  was  first  measured  by  Struve  in  1831,  the  mean 
of  four  nights'  measures  being  12'' .9  and  i".74.  The  measures 
of  the  next  thirty  years  indicated  only  very  slow  motion,  Dem- 
BOwsKi  in  1862  obtaining  9^.6  and  i".i3  from  four  nights' 
measures.  But  when  Burn  ham  measured  it  in  1878  the  distance 
had  diminished  to  o".58,  with  hardly  any  change  in  the  angle. 
This  is  the  last  measure  published.  After  this  time  no  one 
seems  to  have  examined  the  star  until  1890,  when  Burnham 
failed  to  see  the  companion  with  the  36-inch  telescope.  Since 
then  many  attempts  have  been  made  to  observe  the  companion 
with  the  same  telescope,  but  all  without  success  until  my  two 
very  recent  measures. 

In  his  General  Catalogue  of  his  own  discoveries  Burnham 
gives  all  the  measures  of  ^971  and  p  163  to  1899.  The  fol- 
lowing are  sufficient  to  show  the  history  of  these  stars : — 

^971. 

1879.88         354^-7         0"-54  6.5—8.5  2«     BURNHA.M. 

1891.48          4  .5      o  .36  6.8  —  9.2  '3           «« 

1893.54  107.0       0.251b  2  Leavenworth. 

1894.61  Single  36-inch  2  Barnard. 

1897.43          1 1   .6       O  .30  I  Lewis. 

1898.70  5    .2         O    .36  6.5 9.0  I       AlTKEN. 
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((163. 

1876.09 

252°.3 

1-.15 

7.1  —  9.0 

4"    Demd 

■891.52 

254  .6 

0  .75 

7.2-9.8 

3     Burn 

1895.46 

251  -9 

0  .56 

5        SCHIA 

It  will  be  noted  that  the  four  systems  are  similar  in  point 
of  the  relative  magnitudes  of  tlieir  components,   and,   in  a 
general  way,  in  point  of  their  angular  separation  (excluding 
the  early  measures  of  £  554  and  of  ^  163).  'If  we  had  to  deal 
with  only  one  star,  or  one  observer,  or  one  telescope,  it  would 
not  be  difficult  to  suggest  plausible  explanations  for  the  nega- 
tive results.    As  it  is,  it  seems  hardly  credible  that  the  failures 
to  see  the  fainter  stars  can  be  due  to  poor  seeing.    In  my  own 
cafe  my  records  show  that  other  close  and  unequal  pairs,  in- 
cluding some   exceedingly   difficult   ones,   were   measured  on 
the  nights  when  negative  results  vyere  obtained  for  the  four 
named.     Nor  does  it  seem  at  all  possible,  except  perhaps  in 
^^he  case  of  ^  163,  that  the  angular  separation  of  these  pairs 
Haras  too  small  to  permit  the  companion  to  be  seen  on  so  many 
^Blfferent  dates.     The  positive  measures  seem  to  exclude  this 
^^bcplanation . 

^■'    Of  course,  we  may  fall  back  upon  the  hypothesis  of  varia- 
^PBlity  in  the  liglit  of  the  companion-star ;  but  one  hesitates  to 
^■advance  that  explanation  in  the  absence  of  any  positive  obser- 
vations of  variabihty.     There  seems  to  be  no  reason  in  the 
nature  of  things  why  the  component  of  a  binary  system  should 
not  be  variable  as  well  as  any  single  slar,  but  it  has  too  often 
proved  in  the  past  that  the  suspected  variability  of  a  double 
star  has  been  due  simply  to  poor  seeing  or  to  a  poor  telescope. 
For  the  present,  therefore,  the  problem  remains,  and  adds  to 
the  interest  of  these  systems. 
January,  1906. 


R.    G.    AlTKEN. 
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Some  Tests  of  the  Snow  Telescope.* 

In  the  preliminary  tests  of  the  Snow  telescope  at  the  Yerkes 

Observatory,   the   results   were   rather   disappointing,   though 

good  images  were  occasionally  obtained.     It  was  evident  that 

difficulty  might  be  expected  from  the  distortion  of  the  mirrors 

I  o(  Conl'ihmiont  Jrom  IKi  Solar  Obsetvalory.  No.  4. 
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by  the  Sun's  heat,  and  in  the  first  experiments  on  Mt.  Wilson 
this  expectation  was  realized.  Soon  after  the  exposure  of 
the  mirrors  to  the  Sun  it  was  seen  that  the  focal  length  was 
increasing,  and,  as  the  focus  changed,  evidence  of  the  astigma- 
tism of  the  mirrors  made  itself  apparent  in  the  appearance  of 
the  image  inside  and  outside  the  focal  plane.  Since  the  change 
of  focus  amounted  in  some  cases  to  as  much  as  twelve  inches 
(30.4^™),  and  since  the  astigmatism  under  such  circumstances 
was  very  marked,  it  was  feared  that  great  difficulty  would  be 
experienced  in  the  use  of  the  telescope,  particularly  as  the 
focus  at  the  opposite  limbs  of  the  Sun  on  one  occasion  differed 
by  as  much  as  three  inches  (7.6*^™).  The  change  of  focal  length 
at  different  times  did  not  seem  to  be  the  same,  even  for  equal 
altitudes  of  the  Sun.  This  was  soon  traced  to  the  change  in 
the  amount  of  heat  absorbed  by  the  mirror  as  the  silver  film 
deteriorated  in  use.  Another  variable,  as  subsequent  experi- 
ments proved,  was  introduced  by  the  strength  of  the  wind  and 
the  temperature  of  the  air  blown  across  the  mirror  surface. 
On  a  day  with  a  cool  breeze  the  focus  changed  less  than  on  a 
day  with  no  wind.  Naturally  enough,  the  height  of  the  Sun 
above  the  horizon  proved  to  be  a  very  important  factor,  so 
that  the  focus  changed  much  more  rapidly  near  noon  than 
early  in  the  morning. 

From  the  outset,  the  advantages  of  observing  the  Sun 
during  the  early  morning  hours  had  been  apparent.  In  view 
of  the  difficulties  that  were  being  experienced,  this  point  was 
again  carefully  investigated,  and  it  was  soon  found  that  with 
the  Snow  telescope  the  finest  definition  is  to  be  expected  about 
one  hour  after  sunrise.  At  this  time  the  mountain  is  but  little 
heated,  and  the  atmospheric  absorption  reduces  the  intensity 
of  the  solar  radiation  to  such  a  degree  that  the  mirrors  change 
their  figure  slowly.  If  the  mirrors  are  shielded  from  sunlight 
between  exposures  of  photographs,  and  if  the  exposure  time 
is  made  as  short  as  possible,  excellent  results  can  be  obtained 
during  a  period  of  about  an  hour  in  the  early  morning,  and 
usually  during  a  similar  period  not  long  before  sunset. 

It  must  be  understood  that  the  precautions  mentioned  are 
necessary  only  when  it  is  desired  to  secure  the  finest  possible 
definition  of  the  solar  image.  When  such  precautions  are  used, 
the  average  photographs  taken  during  the  summer  in  the  early 
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morning  with  tlie  Snow  tc-leacope  aniJ  temporary  speclrolielio- 
graph  are  but  little  inferior  to  the  best  pliolographs,  secured  on 
only  a  few  days  in  the  year,  with  the  40-inch  Yerkes  telescope 
and  the  Rumford  spectroheliograph.  The  best  photographs 
taken  on  Mt.  Wilson  are  distinctly  superior  to  the  best  ever 
secured  by  Mr,  Ellehuan  and  myself  with  the  40-inch  tele- 
scope. Unless  these  points  were  made  clear,  it  might  be  sup- 
posed that  no  work  could  be  done  with  the  Snow  telescope 
except  under  the  conditions  staled.  As  a  matter  of  fact,  how- 
ever, very  fair  photographs  can  be  obtained  with  the  spectro- 
heliograph at  almost  any  time  during  a  cool  day,  and  in  the 
early  morning  and  late  afternoon  hours  of  a  hot  day  without 
wind.  It  is  only  necessary  to  arrange  the  daily  programme  of 
observations  so  that  the  spectroheliograph.  which  requires  the 
fiiiesi  definition,  is  used  during  the  period  when  the  seeing  is 
best.  Photographic  work  on  the  spectra  of  sun-spots  follows. 
and  after  this  is  completed  the  conditions  are  entirely  satis- 
factory for  various  other  observations,  such  as  holographic 
irk  on  the  absorption  of  the  solar  atmosphere,  etc. 
The  ventilated  house  provided  for  the  Snow  telescope  has 
proved  so  satisfactory  that  it  has  not  seemed  necessary  to  make 
further  experiments  on  the  use  of  Langley's  method  of  stirring 
the  air  along  the  path  of  the  beam.  It  is  usually  found  best 
to  lower  the  inner  canvas  wall  on  the  side  of  the  house  away 
from  the  Sun.  leaving  the  canvas  wall  on  the  opposite  side  of 
the  house  in  place,  so  that  the  heated  air  under  the  louvers 
may  pass  upward  and  out  through  the  ventilated  roof,  instead 
of  entering  the  house  and  disturbing  the  beam. 

While  fans  have  not  been  employed  for  stirring  the  air, 
llicy  have  nevertheless  been  used  to  advantage  in  blowing 
the  mirrors,  for  the  purpose  of  preventing  a  rapid  change  of 
figure.  In  the  first  experiments,  a  fan  four  feet  in  diameter, 
driven  by  an  electric  motor,  was  mounted  at  the  south  end 
of  the  ccElostat  pier.  Air  from  this  fan  was  led  to  the  ctelostat 
mirror  and  the  second  mirror  through  large  canvas  tubes.  In 
these  experiments  the  concave  mirror  did  not  receive  a  blast 
of  air,  as  it  was  thought  the  effect  could  be  detected  sufficiently 
well  if  only  the  first  and  second  mirrors  were  cooled  in  this 
way.  As  it  was  found  that  the  focus  could  be  varied  through 
I  considerable  range  by  blowing  the  first  two  mirrors,  arrange- 
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ments  have  been  made  to  cool  all  the  mirrors  in  the  same  way. 
The  small  electric  fans  to  be  used  for  this  purpose  will  be 
operated  while  the  adjustments  of  the  spectroheliograph  arc 
being  made,  and  also  between  exposures,  when  the  mirrors  arc 
shielded  from  the  Sun  by  an  adjustable  canvas  screen. 

Excellent  definition  is  obtained  at  night  with  the  Snow 
telescope,  except  when  the  mirrors  have  been  exposed  to  tlie 
Sun  for  some  hours  during  the  afternoon.  On  such  occasions 
the  rapid  change  of  figure  during  the  early  evening  results  in 
irregular  distortions,  as  indicated  by  the  multiple  images  some- 
times observed.  Without  such  previous  exposure  to  the  Sun, 
the  images  of  the  stars  and  of  the  Moon  leave  nothing  to  be 
desired.  Nevertheless  there  is  a  considerable  change  of  focal 
length  during  the  night,  but  this  would  be  inappreciable  during 
short  exposures,  and  during  long  exposures  on  stellar  spectra 
it  is  only  necessary  to  correct  the  focus  by  changing  the  position 
of  the  concave  mirror  from  time  to  time. 

From  a  mechanical  standpoint  the  Snow  telescope  has  proved 
to  be  completely  successful.  From  an  optical  standpoint  it  has 
show  n  itself  capable  of  giving  results  with  the  spectroheliograph 
superior  to  those  obtained  in  our  work  with  the  40-inch  re- 
fractor. In  view  of  the  advantages  it  offers  for  many  classes 
of  astrophysical  research,  this  telescope  may  now  be  considered 
to  have  passed  the  experimental  stage,  though  the  possibility 
of  providing  better  material  for  the  mirrors  indicates  that  its 
optical  performance  will  probably  be  considerably   improved 

in  the  future.  ^  t-    tt 

George  E.  Hale. 

Solar  Observatory. 

Photographic  OiiSERVATioNS  of  the  Spectra  of 

Sun-Spots.^ 

(i)  Our  photographs  of  the  spectra  of  sun-spots  clearly 
record  the  strengthened  and  weakened  lines,  and  can  be  ad- 
vantageously used  in  place  of  visual  observations. 

(2)  Table  I  gives  the  intensities  on  the  photographs  of  the 
principal  lines  in  the  region  A  5000  -  A  5850. 

(3)  Table  II  shows  that  nearly  three  quarters  of  these 
lines  are  identified  in  Rowland's  table,  and  thus  fails  to  support 

i  Summary  of  results  given  in  Coniribuiions  from  the  Solar  Observatory,  No.  5. 
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Lockyer's  conclusion  lliat  at  sun-spot  niaxinium  most  of  the 
known  lines  in  spots  arc  replaced  by  lines  of  unknown  origin. 

(4)  All  of  the  silicon  lines  in  the  region  studied  are  mudi 
weakened,  while  other  substances  have  only  a  small  proportion 
of  weakened  lines, 

(5  I  Table  III  gives  the  measured  wave-lengths  of  the  faint 
("band";  lines  photographed  in  the  region  A  5030 -A  5215. 
Comparison  with  Rowland's  table  shows  that  these  lines,  which 
are  considerably  strengthened  in  spols,  correspond  with  the 
extremely  faint  lines  of  thg  solar  spectrum. 

(6)  A  review  of  the  literature  indicates  that  these  lines 
are  the  ones  seen  visually  by  Young,  Dunur,  and  others  who 
have  resolved  the  general  absorption  in  spols,  and  that  they 
account  for  most,  if  not  all,  of  the  so-called  "bands." 

\y)  Our  results  confirm  Younc's  conclusions  that  the 
absorption  in  sun-spots  is  due  lo  gaseous  matter,  and  not  to 
solid  or  liquid  particles. 

(8)  After  discussing  the  views  of  Evershed  and  Wilson 
on  the  cause  of  the  darkness  of  sun-spots,  we  conclude  that  it 
may  be  sutKciently  well  accounted  for  by  absorption  alone. 

^  George  E.  Hale  aku  Walter  S.  Adams. 

Solar  Obsbrvatorv. 
lor  of  the  shadows  of /upltek's  satellites  projected 
ON  THE  Disk  of  the  Planet. 
On  the  evening  of  December  23,  1905,  I  was  showing  the 
visitors  Jupiter  through  the  large  refractor.  The  seeing  was 
good  and  the  sky  clear.  The  shadows  of  satellites  I  and  III 
were  on  the  disk  of  the  planet.  The  shadow  of  I  fell  upon 
the  dark-red  equatorial  belt  of  the  planet  near  the  meridian,  just 
northwest  of  iht  great  red  spot;  the  shadow  of  III  had  just 
entered  upon  the  disk  very  near  the  south  pole  of  the  planet. 

It  was  at  once  seen  that  the  two  shadows  were  not  equally 
dark.  The  shadow  of  III  was  a  dense  black,  while  that  of  I 
was  not  completely  devoid  of  color,  The  character  of  the 
backgrounds  was  quite  different,  that  upon  which  the  shadow 
of  I  was  projected  being  several  shades  darker  than  the  white, 
cloudy  region  upon  which  the  shadow  of  III  fell.  The  effect 
of  contrast  would  be,  of  course,  to  make  the  shadow  which  fell 
upon   the   brightest   region    (III)    appear  the   darkest.     The 
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shadows  were,  however,  of  appreciable  size,  so  that  it  was 
possible  to  study  them  to  some  extent  as  surfaces  and  not  as 
mere  points.  Then,  too,  the  shadow  of  III  was  much  larger 
than  that  of  I,  which  should  tend  to  reduce  somewhat  the 
effect  of  contrast.  The  difference  of  brightness  in  the  back- 
grounds was  carefully  considered  at  the  time  of  observation, 
and,  after  making  what  was  considered  an  ample  allowance 
for  any  such  effect,  the  shadow  of  I  appeared  to  have  a  decided- 
ly more  brownish  color  than  the  shadow  of  III. 

Powers  of  270  and  520  were  ^ised.  The  latter  power. 
especially,  gave  the  shadows  sufficiently  large  disks  for  me 
to  feel  very  certain  of  the  color  in  that  of  I,  and  to  feel  equally 
certain  that  the  blackness  of  III  was  real.  The  difficulty  of 
properly  interpreting  such  an  observation  is  fully  recognized. 

It  is  seldom  that  the  shadows  of  two  of  the  satellites  fall 
together  upon  favorable  portions  of  the  planet's  surface  for 
such  an  observation  as  the  above.  My  reason  for  publishing 
this  single  observation  is  to  call  it  to  the  attention  of  observers 
having  the  use  of  large  telescopes,  in  the  hope  that  they  may 
take  advantage  of  any  opportunity  to  compare  the  density  of 
the  shadows  of  any  of  the  satellites. 

There  can  be  little  doubt  of  the  absence  of  sensible  atmos- 
phere upon  the  Jovian  satellites,  and  in  that  event  any  light  in 
their  shadows  would  have  an  important  bearing  on  the  physical 
condition  of  Jupiter.  Such  a  condition,  if  established,  would 
go  far  toward  proving  the  high  internal  temperature  of  that 
planet  and  explaining  the  rosy  color  of  the  equatorial  belts. 

Mt.  Hamilton,  January  25,  1906.  C.  D.   Perrine. 

The  Sixth  and  Seventh   Satellites  of  Jupiter  at  the 

Opposition  of  1905-1906. 

The  sixth  satellite  was  first  observed,  at  the  present  oppo- 
sition, on  July  24th  by  Mr.  Albrecht,  Fellow  in  Astronomy 
at  the  Lick  Observatory,  with  the  Crossley  reflector.  He  had 
the  assistance  of  Mr.  Elliot  Smith,  also  Fellow  at  the  Ob- 
servatorv. 

The  satellite  was  then  in  position-angle  56**  .6  and  at  a 
distance  of  26'.o  from  its  primary.  A  comparison  with  Dr. 
Ross's  ephemeris.  printed  in  L.  0.  Bulletin  No.  78,  indicated 
a  lengthening  of  his  period  to  251  days  and  small  corrections 
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to  tile  other  elements.  This  satellite  reached  west  elongation 
about  October  1.  1905.  and  at  present  is  passing  eastern  elonga- 
tion. This  is  the  fourth  elongation  reached  since  its  discovery. 
It  is  now  known  that  this  satellite,  as  well  as  the  seventh,  is 
revolving  about  Jupiter  in  the  same  direction  as  the  other 
satellites  of  the  Jovian  system, — i.  e.  the  motion  is  direct. 

An  approximate  reduction  of  the  observation  of  January 
4th  gives  the  following  residuals  from  Dr.  Ross's  revised 
e|)heineris  in  A.  N.  No.  4042: — 

Position-angle  (Obs.  —  Eph.) +  o°.4 

Distance  ( Obs.  —  Eph. )  —  o'.4 

This  is  a  close  agreement,  when  the  approximate  nature 
of  the  ephemeris  and  observation  is  considered. 

The  seventh  satellite  was  first  reobserved  on  August  7th 
by  Mr.  Albkecht,  using  the  Crossley  reflector.  Its  position- 
angle  was  289'. 7  and  distance  54',6.  A  comparison  of  this 
position  with  Ross's  ephemeris  published  in  L.  O.  Bulletin 
Xo.  82  shows  that  the  satellite  was  over  a  month  in  advance  of 
its  predicted  place.  On  October  24th.  however,  it  was  only 
about  a  week  in  advance  of  its  ephemeris  place.  This  condi- 
tion, taken  in  connection  with  the  fact  that  western  elongation 
was  at  a  much  greater  distance  than  predicted,  indicates  that 
the  eccentricity  is  much  larger  than  0.02,  Dr.  Ross's  value. 

Western  elongation  was  reached  about  September  6th  at 
a  distance  of  over  61'  i,for  distance  unity  of  Jupiter).  Ob- 
servations are  scattering  for  nearly  two  months  past,  owing  to 
stormy  weather,  but  those  available  indicate  that  eastern  elonga- 
tion was  passed  the  latter  part  of  December  at  a  distance  of 
only  43'.  This  would  give  0.18  as  the  minimum  value  of  th^ 
eccentricity.  As  there  are  good  reasons  for  believing  that 
the  major  axis  is  considerably  inclined  to  the  normal  to  the 
line  of  sight,  the  eccentricity  is  probably  larger  than  0.18. 

At  ihe  lime  of  discovery,  early  in  January,  1905,  the  seventh 

satellite  had  passed  western  elongation  and  was  moving  easl- 

^ward.     Since  that  time  it  has  passed  three  elongations,  one  of 

MVbtch  was  not  observed  on  account  of  the  proximity  of  the  Sun, 

In  the  case  of  an  orbit  of  such  large  eccentricity,  it  is  not 
satisfactory  to  try  to  determine  the  period  from  the  elongation 
times  available.     It  is  certain,  however,  that  the  period  of  the 
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seventh  satellite  will  not  differ  greatly  from  that  of  the  sixth, 
whose  orbit  is  much  better  known  at  present. 

The  apparent  orbit  of  the  sixth  satellite  has  opened  out 
very  much  since  discovery,  while  that  of  the  seventh  has  closed 
up,  so  that  during  the  present  opposition  the  Earth  is  almost 
exactly  in  the  plane  of  its  orbit.  These  facts  also  prove  con- 
clusively that  the  motions  of  both  satellites  about  their  primary 
are  direct.  C.  D.  Perrine. 

Mt.  Hamilton,  January  25,  1906. 

Okdit  of  TiiK  Sixth  Satellite  of  Jupiter. 

On  account  of  the  accuracy  with  which  this  orbit  is  repre- 
senting recent  observations,  it  is  thought  advisable  to  reprint 
the  elements  for  the  benefit  of  A,  S.  P.  readers.  The  orbit 
and  ephemcris  were  derived  by  Dr.  F.  E.  Ross,  of  the  Carnegie 
Institution,  Washington,  D.  C.  C.  D.  P. 

KLMMKNTS  KKFKRRED  TO  THE  EARTH*S  EQUATOR. 

Mean  jovicentric  right  ascension 289**. i  \ 

Right  ascension  of  perijove 270  I       1905.0 

Right  ascension  of  node  on  equator. . .    176  .7  j   Gr.  M.  T. 

Inclination  to  ecjuator 5        29'  j 

Semi-major  axis  ( at  Jupiter's  mean  dis- 
tance )  5o'.6 

Tropical  mean  motion   i°-435 

Period 251  days 

i^cccntricity    O.156 

Kl'llKMKKlS  FOR  GREENWICH   MEAN  NOON. 
1906.  Position  Angle.  Distance. 

February  i  99°  60' 

6  97  59 

II  94  58 

16  92         •  57 

21  90  55 

26         88  53 

March   3  85  50 

8         82  47 

13  79  43 

18  75  39 

23  71  35 

28  65  31 
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Coming  Total  Eclipses  of  the  Sun. 
A  total  eclipse  of  the  Siin  will  occur  on  January  13.  1907. 
It  will  begin  at  sunrise  at  a  point  about  midway  between  Mos- 
cow and  the  north  end  of  the  Caspian  Sea.  The  shadow  will 
pass  over  the  northern  end  of  the  Caspian  Sea,  the  southern 
end  of  the  Aral  Sea,  midway  between  the  cities  of  Samarkand 
and  Taschkent,  over  eastern  Turkestan,  Mongolia,  near  the 
boundary  between  Transbaikal  and  Manchuria,  and  end  at 
sunset  on  the  mainland  northwest  of  Saghalin.  It  would  seem 
that  the  only  location  worth  considering  for  an  observing- 
station  would  be  in  the  Samarkand -Taschkent  region^  longitude 
68"  E.,  latitude  40°  N.,  where  the  duration  of  totality  would 
be  two  minutes.  The  difficulties  of  transport  for  observers. 
instruments,  and  supplies  would  be  practically  prohibitive, 
especially  in  the  middle  of  the  wmler  season.  The  Lick  Ob- 
servatory will  not  send  an  expedition  to  observe  this  eclipse. 

A  total  eclipse  of  the  Sun  will  occur  on  January  3,  1908. 
Its  path  will  cross  the  central  Pacific  Ocean,  from  west  to  east. 
The  total  phase  begins  at  sunrise  at  longitude  155^  E.  and 
latitude  11°  N.  .At  local  noon  the  shadow  will  be  at  145°  W., 
12°  S.  The  total  phase  will  end  at  sunset  at  85°  E.,  10"  N., 
near  Punta  Arenas,  Costa  Rica,  Central  America.  The  shadow 
does  not  pass  over  any  islands  of  considerable  extent,  but  it  is 
probable  that  several  quite  small  islands  lie  within  its  borders, 
especially  along  the  western  half  of  the  path.  From  Hydro- 
graphic  Office  Chart  No.  1980  and  other  information  kindlv 
supplied  at  my  request  by  Superintendent  O.  H.  Tittmann, 
of  the  U.  S.  Coast  and  Geodetic  Survey,  it  appears  that  Flint 
I   Island  is  well  situated. 

I  "Flint  Island  (Briiish).  discovered  in  1801,  lies  in  latitude 
^l'  26'  S..  longitude  131°  48'  W.,  is  13  feet  high,  covered  with  brush- 
worid  and  irci^s.  and  is  visible  from  the  masthead  from  a  distance 
of  16  miles.  It  is  about  iVi  miles  long  N.  N.  W.  and  S.  S.  E..  half 
a  mile  wide,  and  is  fringed  by  a  steep  coral  reef,  which  dries  at  low 
water,  and  extends  seaward  generally  about  half  a  cable,  but  oft 
the  northern  end  of  the  island  it  extends  seaward  ^'n  cables  and  off 
Ihc  Sf.uthern  end  E.  S.  S.  2W  cables.  In  the  interior  are  two  small 
lagoons  of  brackish  water.  .  .  .  There  is  lillle  or  no  rise  and 
fal!  of  tide  at  Flint  Island,  The  landing  is  very  had  even  for  surf- 
boats,  but  it  is  said  to  export  nearly  aoo  Ions  of  copra  annually."— 
Extract  from  Superintendent  TIttmann's  letter. 
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For  this  longitude,  151°  48'  W.,  the  corresponding  latitude 
of  the  center  of  the  eclipse  path  is  11°  \f  S.  The  island  thus 
appears  to  be  within  ten  miles  of  the  central  line.  As  the 
shadow-path  will  be  about  ninety-three  miles  wide,  this  location 
would  be  comparatively  close  to  the  center.  It  is  not  probable 
that  the  assigned  latitude  is  seriously  in  error.  Any  possible 
error  in  the  assigned  longitude  would  hardly  be  serious,  for 
the  shadow  will  travel  nearly  east  and  west.  The  motion  in 
longitude  will  be  six  times  that  in  latitude. 

The  duration  of  totality  at  Flint  Island,  from  American 
Ephemeris  data,  would  be  4™  o*. 

The  next  total  eclipse  of  the  Sun  observable  in  the  United 
States  will  take  place  on  June  8,  1918.  It  will  pass  from 
the  northwest  coast  of  Washington  to  Florida  during  the 
latter  half  of  the  summer  afternoon. 

Another  total  eclipse,  occurring  on  September  10,  1923, 
will  enter  the  coast  of  California  at  latitude  about  36*^  in  the 
early  afternoon,  and  will  pass  over  the  Gulf  of  Mexico  and 
southwestern  Cuba.  W.  W.  Campbell. 

Note  on  Comet  c  1905  (Giacobini). 

The  third  comet  of  the  year  1905  was  discovered  December 
6th  by  Giacobini  at  Nice.  At  the  time  of  discovery  it  was 
21°  north  of  the  equator  in  Right  Ascension  14**  22°*.  Since 
then  it  has  been  traveling  southeasterly  toward  the  Sun.  Its 
closest  approach  to  the  Sun  will  be  on  the  22d  of  this  month, 
when  it  will  be  within  twenty  million  miles  of  that  body.  Its 
closest  approach  to  the  Earth  was  on  the  6th  of  January',  when 
it  was  distant  about  one  hundred  million  miles.  The  plane  of 
its  orbit  is  inclined  43°  to  the  plane  of  the  ecliptic.  The  orbit 
is  parabolic. 

Because  of  the  very  near  approach  to  the  Sun  this  comet 
becomes  very  bright  at  the  end  of  January.  At  the  present 
date  it  is  visible  to  the  unaided  eye  a  few  moments  before  sun- 
rise. It  will  pass  the  Sun  and  become  an  evening  object  on 
the  23d  inst.  By  the  28th  it  will  set  about  half  an  hour  after 
the  Sun,  and  will  be  7°  south  of  it.  On  this  date  it  should 
be  easily  seen  with  the  unaided  eye,  when  it  will  be  thirty  times 
brighter  than  at  discovery.  After  the  first  of  February  its 
brightness  will  diminish  rapidly. 
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Two  sets  of  elements  and  ephemerides  for  this  comet  have 
been  derived  by  Leuschner's  "short  method"  by  the  writer, 

f™'>h  the  assistance  of  Mr.  A.  J.  Ciiampreux.    These  may  be 
nd  in  Lick  Observatory  Bulletins  Nos.  87  and  S8. 
Russell  Tracy  Crawford, 
Berkelbv  Astronomical  Dbparthhpit,  January  17.  1906. 
F'hotographs  of  Comet  c  1905, 
Comet  c  1905  was  photographed  at  the  Lick  Observatory 
on  nine  different  dates  preceding  its  perihelion  passage.     Tlie 
first  photograph  was  taken  on  December  23,   1905,  when  the 
comet   was  comparatively   faint  and  no  suggestion  of  a  tail 
was  visible  in  the  observing  telescope.     When  the  plate  was 
developed  (he  comet  was  found  to  have  a  tail  extending  several 
degrees   from   the  nucleus.     On   account   of   stormy   weather 
it  was  impossible  to  secure  another  photograph  until  Decem- 
ber 28th.     By  this  time  the  comet  bad  become  very   much 
brighter,  the  tail  being  easily  visible  in  the  guiding  telescope. 
This  plate  showed   a  tail  extending  a  distance  of  eight  or 
ten  degrees  from  the  nucleus,  and  much  detail  in  its  structure 
was  brought  out. 

Subsequent  plates  recorded  many  changes  in  the  structure 
of  the  tail,  and  gave  evidence  of  rapid  motion  in  the  material 
composing  it.  The  exposure  times  varied  from  half  an  hour 
to  an  hour,  depending  upon  weather  conditions  and  the  posi- 
tion of  the  comet. 

Besides  the  plates  described  above  a  series  of  trail  plates 
was  taken,  from  which  it  is  hoped  data  of  value  may  be 
obtained  concerning  the  variation  in  brightness  of  the  comet's 
nucleus. 

At  a  later  date  the  plates  will  be  studied  in  detail.  In 
the  mean  time  a  more  extensive  series  may  be  secured.  The 
comet  has  passed  perihelion,  and  will  soon  be  an  evening 
tbject  for  telescopic  observation. 

January,  1906.  Elliott  Smith. 

\ote  on  the  comets  discovered  at  the  lowell 

Observatory. 
A  telegram  was  received  at  the  Lick  Observatory  on  the 
rening  of  December  14,  1905,  from  Professor  E.  C,  Pickering 
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at  the  Harvard  College  Observatory,  announcing  that  Mr. 
Slipher,  at  the  Lowell  Observatory,  had  discovered  a  comet 
by  photography  on  November  29,  1905,  in  the  position  R.  A. 
22**  44"^;  Decl.  7—11°  18'.  No  data  were  given  as  to  the  rate 
or  direction  of  motion ;  hence,  in  view  of  the  time  interval  since 
its  discovery,  it  did  not  seem  worth  while  to  search  the  sky 
for  this  object. 

Professor  Pickering's  astronomical  bulletin,  received  a 
week  later,  stated  that  "  the  comet  was  moving  4'  per  hour  in 
a  direction  15°  north  of  west."  It  would  be  interesting  to 
know  how  this  direction  was  determined,  since  a  trail  on  a 
single  photographic  plate  would  leave  it  ambiguous. 

Another  astronomical  bulletin,  received  on  l5ecember  29th, 
stated  that  Professor  Lowell  had  discovered  a  second  comet 
on  the  same  photographic  plate  in  the  position  R.  A.  22**  34™ ; 
Decl.  — 8°.7,  just  to  the  northwest  of  22935.  This  objea 
was  moving  2'  per  hour  in  a  direction  south  by  west  or  north 
by  east,  and  had  two  tails. 

The  discovery  of  a  comet  by  photography  is  unusual  enough 
to  be  noteworthy,  but  to  find  two  on  a  single  plate  is  a  unique 
achievement.  It  is  unfortunate  that  these  discoveries  could 
not  he  announced  in  time  to  be  verified  by  visual  observa- 
tions. It  might  be  suggested  that  photographic  defects  often 
look  wonderfully  like  comet  trails ;  but  it  is  of  course  assumed 
that  Professor  Lowell  took  precautions  to  guard  against  such 
deception  before  announcing  the  discoveries. 

January,  1906.  R.   G.   AlTKEN. 

Comet  a  1906  (Brooks). 

The  first  comet  of  the  year  was  discovered  by  Brooks, 
of  Geneva,  New  York,  on  the  night  of  January  26th,  in 
R.  A.  16^  19^.5,  and  Decl.  +47°  10'.  Observations  were 
secured  by  the  writer  on  the  following  three  nights  and  an 
orbit  was  computed  at  the  Students'  Observatory  by  Dr. 
Crawford  and  Mr.  Champreux.  The  comet  was  found  to 
be  moving  in  a  practically  parabolic  orbit.  According  to  the 
ephemeris,  it  will  pass  within  about  5°  of  the  north  pole  on 
February  i8tli. 

It  is  a  fairly  easy  object  in  a  3-inch  telescope  on  a  dark 
night.    The  nucleus  as  seen  in  the  12-inch  seems  about  equal 
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in  brightness  to  an  eleventh-magnitude  star.  I  have  suspected 
the  presence  gf  a  tail  in  position-angle  abont  300". 

James  D.  Maddrill. 

Changes  in  the  Personnel  of  the  D.  O.  Mills  Expedi- 
tion TO  THE  Southern  Hemisphere. 
Dr.  H.  K.  Palmer.  Assistant  in  the  D.  O.  Mills  Observatory 

on  Ctrro  San  Cristobal,  Santiago,  Chile,  returned  to  Califor- 
nia in  Xovember.  He  left  Santiago  in  September,  after  a 
residence  of  two  years  and  six  months  there,  and  on  tlie  return 
journey  made  an  extensive  trip  through  ths  interior  of  north- 
em  Chile  and  the  highlands  of  Peru,  including  a  visit  to  the 
Harvard  College  Observatory  at  Arequipa.  Dr.  Palmer  is  at 
present  engaged  at  Mt.  Hamihon  in  measuring  the  spectro- 
grams secured  by  the  expedition, 

.Acting  Astronomer  Hebeh  D.  Curtis,  accompanied  by  his 
family,  sailed  from  San  Francisco  on  December  30th.  via 
Panama,  to  Chile,  to  take  charge  of  the  D.  O,  Mills  Observatory 
for  a  period  of  five  years.  Their  absence  from  Ml.  Hamilton 
is  a  severe  loss  to  (he  personal  side  of  life  here. 

Mr.  Mills  has  very  generously  provided  also  for  extensive 
improvements  in  and  additions  to  the  equipment.  The  dome, 
formerly  covered  with  heavy  painted  canvas,  will  be  recovered 
with  thick  tin  or  with  iron.  A  ball  thrust  bearing  and  two 
roller  side  bearings  will  be  provided  for  the  declination  axis 
of  the  telescope.  .Apparatus  for  quick  resilvering  of  the  37-inch 
mirror  will  be  constructed.  Telephone  connection  between 
the  obser\-atory  on  the  summit  and  the  astronomer's  residence 
in  the  city  will  be  made.  A  building  will  be  constructed  on 
the  summit  to  accommodate  a  machine-shop  equipped  with 
lathe  and  small  tools  driven  by  electricity,  and  to  contain  rooms 
for  the  observers.  Two-prism  and  one-prism  spectrographs 
are  under  construction,  in  order  that  radial -velocity  determina- 
tions may  be  carried  to  fainter  stars.  Professor  Wright,  in 
charge  of  the  expedition  in  the  past,  has  shown  that  certain 
rapid  changes  in  focal  length  and  other  sources  of  disturbance 
in  the  stellar  images  are  due  to  rapid  changes  of  temperature 
in  the  mirror  during  the  first  hours  of  the  night.  The  question 
of  artificially  maintaining  the  temperature  of  large  mirrors 
during  the  daytime  at  the  reading  estimated  for  the  atraos- 
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phere  for  the  evening  that  follows  has  often  been  discussed 
in  past  years  by  the  members  of  our  staff  and  by  others.  During 
my  absence  in  Europe  last  summer  and  fall  Dr.  Curtis  worked 
out  the  details  for  such  a  refrigerating  scheme,  and  it  will  be 
tried  on  San  Cristobal.  Various  other  minor  improvements  will 
be  made  at  once.  Dr.  Curtis  expects  to  reach  Santiago  aboui 
February  15th. 

Immediately  following  Dr.  Curtis's  arrival.  Acting  Astron- 
omer W.  H.  Wright  and  Mrs.  Wright  will  return  to  Mt. 
Hamilton.  Professor  Wright's  original  appointment  for  duty 
in  Chile  terminated  in  October,  two  years  after  the  observatory 
was  ready  for  work.  Dr.  Curtis's  duties  in  connection  with 
the  eclipse  expedition  to  Labrador,  however,  prevented  him 
from  leaving  earlier  for  the  south,  and  Mr.  Wright  has  re- 
mained there  awaiting  his  arrival. 

An  assistant  in  the  D.  O.  Mills  Observatory  will  soon  be 
appointed  in  succession  to  Dr.  Palmer. 

W.  W.  Campbell. 

Notes   from    the   Berkeley   Astronomical  Department. 

Professor  Leuschner  was  present  at  the  recent  meeting 
of  the  Astronomical  and  Astrophysical  Society  of  America, 
held  in  New  York  City.  He  presented  the  following  papers 
by  members  of  the  Berkeley  Astronomical  Department : — 

**An  Analytical  Method  of  Determining  the  Orbits  of  Satellites." 
A.  O.  Leuschner. 

••  On  the  Orbit  of  the  Seventh  Satellite  of  Jupiter r  R.  T.  Craw- 
ford, A.  J.  Champreux. 

**A  Contribution  on  Astronomical  Refraction."     R.  T.  Crawford. 

"Tables  for  the  Reduction  of  Photographic  Measures.** 

••  Investigation  of  the  Repsold  Measuring  Apparatus  of  the  Student*s 
Observatory."     B.  L.  Newkirk. 

Mr.  Sturla  Einarson  has  been  appointed  Assistant  in 
Practical  Astronomy  in  the  Berkeley  Astronomical  Depart- 
ment. Mr.  Einarson  took  the  A.  B.  degree  at  the  University 
of  Minnesota  last  year,  and  will  continue  his  study  at  the 
University  of  California. 

Corrigendum. 

In  Xo.  105  of  these  Publications,  page  195,  line  3,  for 
—  38'  25",  read  +  2'  12".  R.  T.  C. 
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Honors  for  Members  of  the  Lick  Observatory  Staff. 

The  honorary  degree  of  Doctor  of  Science  was  conferred 
upon  Director  Campbell  by  the  University  of  Michigan  at 
the  annual  commencement,  June  22,  1905.  Dr.  Campbell  was 
present  to  receive  the  degree. 

The  Royal  Astronomical  Society  has  awarded  its  gold 
medal  to  Director  Campbell  for  his  "  spectroscopic  re- 
searches, which  have  greatly  increased  our  knowledge  of 
stellar  motions." 

The  Astronomical  Society  of  Mexico  conferred  a  gold 
medal  and  diploma  upon  Astronomer  Perrine  in  December, 
1905,  in  recognition  of  his  discovery  of  the  sixth  and  seventh 
satellites  of  Jupiter.  R.  G.  A. 


GEN  ERAL    NOTES. 


Definitive  Orbit  of  Comet  1844II  (Mauvais). — A  definitive 
orbit  of  this  comet  has  been  published,  in  a  supplement  to 
the  Astronomische  Nachrichten,  by  Frank  E.  Ross,  Ph.D., 
a  former  student  in  astronomy  at  the  University  of  California 
and  Fellow  at  the  Lick  Observator>\  Dr.  Ross  starts  with 
an  orbit  by  Plantamour,  published  in  1847,  reduces  the 
observations,  computes  the  perturbations  by  Venus,  Earth, 
Saturn,  and  Jupiter,  and  corrects  Plantamour's  elements. 
The  agreement  between  theory  and  observation  is  decidedly 
improved,  the  corrected  orbit  passing  through  all  but  one  of 
the  normal  positions  within  about  two  seconds  of  arc.  | 


Tzi'O  Articles  on  Comet ary  Motion. — A  recent  number  of 
the  Publications  contained  a  note  on  stationary  meteor-radiants 
in  which  the  question  of  the  origin  of  comets  and  meteors  was 
referred  to.  It  is  probable  that  some  of  these  bodies  are 
strangers  from  the  depths  of  space,  to  which  they  return  after 
a  single  visit  to  the  Sun's  system.  Others  are  known  to  be 
moving  in  elliptic  orbits,  and  so,  temporarily  at  least,  to  belong 
to  the  solar  family.  Comets  approaching  the  Sun  on  nearly 
parabolic  orbits  have  suffered  perturbations  which  have  added 
them  to  the  class  of  "  periodic  "  comets,  and  in  the  case  of 
Lkxkll's  lost  comet  the  period  was  shortened  by  one  approach 
to  Jupiter,  only  to  be  lengthened  again  a  few  years  later  by  a 
second  approach  to  the  same  planet. 

Any  theory  to  account  for  the  origin  of  comets  and  meteors 
must  be  based  upon  or  include  answers  to  the  two  questions: 
Are  most  of  the  orbits  originally  elliptic  or  hyperbolic?  Are 
the  elliptic  orbits  stable,  or  will  perturbations  some  day  change 
the  elliptic  orbits  into  hyperbolic  ones? 

Number  4058  of  the  Astronomische  Nachrichten  contains 
*'A  Theorem  Regarding  Comet  Perturbations,"  by  Dr.  Elis 
Stroemgrkn,  which  makes  an  important  contribution  to  the 
methods  used  in  gaining  data  for  the  answer  to  the  first 
question.  He  gives  an  abridged  method  for  determining  by 
mechanical  integration  the  perturbation  of  the  major  axis  of 
an  elliptical  comet-orbit  from  the  date  of  osculation  backwards 
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as  far  as  is  necessary  for  the  subsequent  investigations,  and 
prodnces  an  expression  for  the  upper  limit  of  the  total  per- 
turbation of  the  major  axis  from  the  beginmng  of  the  perturba- 
live  effect  until  the  time  to  which  the  perturbation  is  thus 
carried  back.  The  length  of  the  interval  during  which  llie 
process  of  mechanical  integration  must  be  employed  depends 
upon  the  eccentricity  of  the  original  orbit,  being  longer  the 
ii'ss  this  eccentricity  differs  from  unity. 

The  December  number  of  the  Bullclm  Aslronomtque  con- 
tains a  memoir  by  M.  H.  v.  Zeipel,  "  On  the  Instability  of  the 
Movement  of  the  Cornels,"  which  has  an  important  bearing 
upon  the  answer  to  the  second  of  the  above  questions.  He 
considers  first  an  ideal  case  in  which  two  bodies  move  hi 
circular  orbits  about  their  common  center  of  gravity,  a  third 
body  of  negligible  mass  having  entered  this  system  and  been 
captured  by  it.  Although  tlie  planets  do  not  move  in  circles,  the 
orbits  of  the  greater  planets  are,  roughly  speaking,  not  far 
from  circular,  and  the  first  system  treated  by  v.  Zkitel  mav 
be  regarded  as  a  fair  approximation  to  the  state  of  affairs  in 
the  solar  system  when  a  comet,  entering  the  system  on  a  hyper- 
bolic orbit,  is  "  captured "  by  the  perturbations  of  one  of 
the  major  planets.  He  shows  tliat  in  this  ideal  case  the 
captured  comet  would  at  some  future  lime  be  expelled  from 
the  system. 

Taking  up  the  more  general  case  when  the  two  chief 
bodies  of  such  a  three-body  system  move  in  ellipses,  v.  Zeipei, 
shows  that  the  third  body  of  negligible  mass  (supposed  to 
have  been  captured  as  comets  may  be  captured  by  the  major 
planets)  would  at  some  future  time  be  expelled,  except  in 
certain  exceptional  cases,  whose  occurrence  is  inBnitely 
improbable. 

This  theorem  follows  also  as  a  corollary  to  the  discussion 
by  PoiNCAHE  at  the  close  of  chapter  XXVI  of  his  Mcchanique 
Celeste,  though  no  mention  is  made  there  of  an  application 
to  periodic  comets. 

It  is  to  be  remembered  that  these  theories  take  no  account 
of  the  chances  of  collision  between  the  comet  and  one  of 
the  other  bodies. 

These  theorems  regarding  the  expulsion  of  third  bodies 
Uenng  a  system  of  two  bodies  fnmish  foundation  for  a  con- 
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viction  that  if  the  periodic  comets  are  really   visitors  from 
the  outside  universe  they  will  some  day  be  expelled  throc^ 
the  perturbations  of  the  body  that  captured  them,  provided 
they  are  not  first  disintegrated  by  close  approach  to  (or  cd- 
lision  with)  some  of  the  members  of  the  solar  system.    It  is, 
however,  improbable  that  the  comets  are,  in  general,  strangers 
from  outer  space,  visiting  the  solar  system  for  the  first  time. 
Out  of  several  hundred  cometar\-  orbits  that  have  been  com- 
puted.  not  more  than  a  half-dozen  show  evidence  of  being 
hyperbolic,  and  in  these  instances  the  evidence  is  inconclusive. 
If  the  comets   were  reallv  visitors  in  the   Sun's  svstem, 
having  had  no  previous  connection  with  it,  we  should  expect 
to  find  most  of  their  orbits  decidedly  hyperbolic.     If  the  three 
or  four  hundred  comets  entering  on  nearly  parabolic  orbits 
are  visitors  in  the  sense  above  indicated,  their  original  motion 
in  space  must  have  been  the  same  in  direction  and  velocit}'  as 
that  of  the  Sun's  svstem.     In  other  words,  the  velocitv  of 
these  bodies  with  respect  to  the  Sun  must  have  been  zero. 
The  stars  are  in  motion  with  reference  to  the  Sun's  system,  and 
with  an  average  velocity  of  some  twenty  miles  a  second.    We 
should  expect  the  same  thing  to  be  true  of  smaller  bodies  mov- 
ing independently  through  space, — namely,  that  their  velocities 
with  respect  to  the  Sun  would  be  some  twenty  miles  per  second. 
That  the  original  motion  of  the  cometary  masses  was  identical 
in   magnitude  and   direction  with   that  of  the   Sun   certainly 
argues   some  connection   with   the   solar  system,   possibly  of 
the  sort  referred  to  in  the  note  on  stationary  meteor-radiants 
above  mentioned.  B.  L.  N. 


A  Test  of  a  Transit  Micrometer.  By  John  F.  Havford. 
Report  of  the  U.  S.  Coast  and  Geodetic  Survey,  1904,  App. 
Xo.  8;  pp.  453-487,  two  plates.  Separate.  Washington,  1904. 
— In  this  interesting  and  important  monograph  the  author 
presents  to  that  portion  of  the  x\merican  scientific  public  which 
does  not  keep  in  touch  with  scientific  progress  in  foreign  lands 
a  new  method  of  observing  star  transits — a  method  which,  we 
may  confidently  assert,  is  to  revolutionize  that  art.  The  old 
or  present  method  consists  essentially  in  noting  the  time  when 
the  moving  star-image  in  the  focus  of  a  telescope  crosses  a 
fixed  line.     In  this  radicallv  new  method,  on  the  other  hand, 
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I  observer  maintains  a  steady  bisection  of  the  star-image  on 
bovable  micromeler-tlireacl,  while  the  electric  signals  are 
Ue  on  the  chronograph  automatically  by  the  rotating  micro- 
fer-head. 

■The  peculiar  piece  of  apparatus  required  for  this  operation 

first    successfully   devised   and   constructed   by   Dr.   J. 

tsoLD.  of  Hamburg,  in  1889,  and  may  be  adapted  to  any 

1  of  transit  instrument.    It  is  called  in  English  the  "  Tran- 

■-  Micrometer."     To  those   familiar  with  the   work  of  the 

German  observers  who  have  aheady  made  use  of  Dr.  Repsoi.d's' 

device  through  a  number  of  years  there  could  be  no  question 

of  the  mark-ed  superiority  of  the  new  method. 

The  author's  particular  purpose,  however,  was  to  investi- 
gate, in  behalf  of  the  U.  S.  Coast  and  Geodetic  Survey,  the 
desirability  of  applying  the  new  micrometer  to  the  straight 
type  of  transit  instrument  now  and  hitherto  in  use  by  the 
Survey,  with  the  view  of  improving  its  determinations  of  longi- 
tude. This  he  has  done  in  a  thorough  manner,  with  the  aid 
of  Mr.  E.  G.  Fischer,  of  the  Survey,  who  devised  a  transit 
micrometer  tor  use  in  the  experiments  and  as  a  model  for 
possible  adoption  by  the  Survey.  Mr.  Fischer  contributes 
also  a  clear  and  full  description  of  the  micrometer,  so  that 
the  reader,  with  the  aid  of  the  two  large  plates,  can  under- 
stand the  apparatus  in  all  its  details.  Tht  only  material  dif- 
ference from  RErsoLi>'s  design  is.  that  an  ingenious  provision 
is  made  for  cutting  out  the  automatic  signals  except  in  just 
that  part  of  the  field  where  they  are  wanted.  Mr.  Haykoro 
presents  the  results  of  the  experimental  observations  and  their 
discussion  in  a  complete  manner  and  in  a  very  clear  style.  He 
made  about  one  half  of  the  observations  himself,  starting  with 
no  previous  experience  with  this  kind  of  work;  and  he  called 
in  the  services  of  fifteen  other  observers,  whom  he  divides 
into  four  classes,  from  those  with  experience  in  astronomical 
observing  and  in  good  training  to  those  who  had  had  little 
experience  with  instnmients  of  precision  of  any  sort  or  at 
any  time.  By  this  a  fortiori  method  he  demonstrates  *the 
superiority  of  the  transit  micrometer;  and  while  some  of  the 
work  seems  to  the  astronomical  reader  very  crude  for  publi 
tion  and  the  professional  feels  somewhat  aggrieved 
public  introduction  of  neophytes  into  his  sacred 
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must  be  remembered  that  Mr.  Hayfokd  is  in  the  position  of 
having  to  make  a  special  plea. 

With  his  good  instrument  and  this  medley  of  observers, 
Mr.  Hayford  shows,  among  other  conclusions: — 

1.  That  the  relative  personal  equation,  that  bugbear  of 
astronomers  in  determining  star  positions  and  terrestrial  longi- 
tudes practically  vanishes, — that  is,  it  is  less  than  0^.050  in 
any  case. 

2.  That  he  is  justified  in  predicting  that  three  nights  of 
Observing  by  the  new  method  and  without  exchange  of  ob- 
servers will  serve  to  determine  a  longitude  as  accurately  as 
ten  nights  of  observing  by  the  old  method  including  an  ex- 
change of  observers — a  great  economy  of  time  and  trans- 
portation. 

3.  That,  for  a  practiced  observer,  the  new  method  is  truly 
equivalent  to  maintaining  bisection  upon  a  stationary  point 
of  light,  and  that  the  absolute  or  angular  accidental  error  of 
observation  is  the  same  for  all  stars  throughout  the  range  of 
declination. 

4.  That  good  observations  can  be  secured  without  previous 
practice. 

5.  That,  owing  to  the  rapidity  with  which  the  automatic 
signals  can  be  recorded,  a  greater  number  of  stars  can  be 
observed  in  a  given  time.  The  author  states  that  his  observing- 
list  contained  sixteen  stars  per  hour  to  ten  stars  per  hour  in 
the  customary  lists  of  the  Survey. 

Mr.  Hayford's  fourth  conclusion,  as  given  above,  when 
we  consider  the  immense  advantages  of  the  method,  is  not 
so  extravagant  as  it  seems.  However,  the  author  would  of 
course  prefer  an  observer  at  the  outset  at  least  accustomed  to 
the  manipulation  of  delicate  instruments.  As  the  author  notes, 
the  remarks  of  observers  at  beginning  plainly  indicate  their 
perturbation  of  mind  as  well  as  of  hand  in  attempting  to 
following  a  fast-moving  star.  But  the  persistent  observer  may 
be  assured  that  some  fine  night  there  will  come  the  satisfaction 
of  .<eeing  the  star-images  **  go  to  sleep  "  on  the  apparently 
stationar}^  thread.  Mr.  Hayford  remarks  that  more  practice 
simply  reduces  the  accidental  error  by  about  twenty-five  per 
cent.  The  present  writer  has  had  some  experience  with  the 
new  micrometer  on  a  larger  instrument.     He  found  that  his 
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ibable  error  uf  a  single  star-signal  started  at  ±  0*.07  after 
observing  a  number  of  stars,  and  became  ±  C.o^o,  under 
(favorable  conditions,  after  considerable  practice  scattered  over 
a  number  of  months,  or  the  same  as  for  the  old  key  method. 
As  in  the  making  of  a  telescopic  objective,  it  is  the  last  stages 
if  improvement  that  lake  by  far  the  most  time  and  care. 

In  this  connection,  also,  it  may  be  remarked  that  Mr.  Hav- 

IRC  calls  attention,  in  the  course  of  his  discussion,  to  two 

or  three  "  curious  facts  "  which  cropped  out  in  the  course  of 

his  investigations:  but  he  does  not  mention  the  fact,  as  shown 

in  his  Table  V,  that  one  observer,  belonging  to  his  very  lowest 

class,  takes  the  prize  in  the  form  of  the  smallest  probable  error 

single  observation  of  a   star, — not   a  large  amount   of 

la   involved,   it   is  true,  but   more   ihan    for   some   of  the 

:her   observers.     Ladies   always    catch    the   largest    fish    in 

im ping-parties,  and  here  a  young  woman  seems  to  incur  the 

lallest  error. 

It  should  be  admitted  that  all  the  advantages  are  not  with 
le  new  micrometer;  though  its  disadvantages,  so  far  as  seen, 
incern  only  the  physical  comfon  of  the  observer,  especially 
cold  weather.  With  the  old  method  one  coidd  wear  heavy 
ives,  but  would  hardly  attempt  to  do  so  while  turning  a 
;licate  micrometer.  With  the  old  method  eye  and  hand 
luld  enjoy  little  intervals  of  rest  between  threads,  while  with 
new  both  must  be  kept  steadily  at  work ;  but  this  is  modified 
)ne  is  content  with  a  short  scries  of  many  signals  close 
together,  and  with  long  practice  the  feeling  of  intense  strain 
wears  away.  Still,  it  is  the  writer's  experience  that  any  unex- 
pected noise  or  incident  is  more  disturbing  than  with  the  old 
tnethod.  But.  of  course,  such  incidents  rarely  occur  in  well- 
jijiegulated  observing. 

Mr.  Hayford's  conclusions  ; 
e  of  the  German  observers. 
personal  equations  reduced  to  t 


re  all  borne  out  by  the  experi- 
They  have  found  the  relative 
le  tenth  of  their  former  value. 
and  so  small  as  to  be  masked,  if  existing  at  all,  by  the  minute 
I'putstandtng  accidental  error.    Albbecht  found  that  the  mean 
jerror  of  a  single  night's  determination  of  longitude  was  re- 
Puced  from  values  between  ±  o'.043  and  ±  o'.o64  to  values 
etween  ±l  (f.02a  and  rb  o".026.     Also,  they  have  found  their 
suits  singularly  free  from  systematic  errors  of  all  kinds,  and 
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that  a  moderate  amount  of  practice  suffices  for  making  tolerably 
good  observations. 

The  last  section  of  Mr.  Hayford's  publication  is  a  review 
of  the  literature  of  the  transit  micrometer.  To  a  professional 
reader  this  is  the  most  important  part;  for,  as  already  noted, 
Mr.  Hayford's  work  had  a  special  purpose,  while  here  he 
gives  an  excellent  siunmary  of  a  list  of  fifteen  diflferent  publi- 
cations— all  but  one  by  "  those  blessed  Germans  " — extending 
over  the  past  sixteen  years.  The  first  published  suggestion 
of  this  method  came  from  Director  Carl  Braun,  of  Kalocsa, 
Hungary,  in  1865.  He  attempted  to  construct  a  clockwork 
which  should  drive  the  movable  thread,  but  was  unsuccessful. 
This  has  been  completely  accomplished  of  recent  years;  but 
the  observer's  hand  is  required  to  maintain  the  finishing  touch 
on  the  micrometer.  Doubtless  during  the  years  following 
Braun's  first  publication,  there  were  many  suggestions  among 
astronomers  to  the  same  purpose;  and  the  author  records  one 
definitely  made  by  Mr.  F.  D.  Granger,  of  the  Coast  Survey, 
in  1878. 

Following  closely  upon  the  announcement  by  Repsold  of 
the  successful  performance  of  his  first  transit  micrometer, 
verifications  of  its  superiority  were  presented  in  1890  and 
1891  by  Dr.  Th.  Albrecht  before  the  (European)  Interna- 
tional Geodetic  Association  and  by  Professor  E.  Becker,  who 
had  applied  the  new  micrometer  to  transits  of  the  broken  type. 
In  a  publication  of  the  Prussian  Geodetic  Institute  in  1901, 
Albrecht  declared  that  the  superiority  of  the  new  method 
was  so  complete  that  it  should  be  employed  in  all  primary  longi- 
tude work.  The  experience  of  Oertel  and  Cohn  in  Germany 
and  of  the  Washburn  Observatory  in  this  country  with  the 
new  micrometer  on  meridian-circles — as  transit  instruments 
of  the  straight  telescope  type — demonstrated  its  superiority 
for  the  larger  observatory  instruments.  And  there  would 
seem  to  be  left  no  question  of  the  desirability  of  the  new  mi- 
crometer for  the  present  instruments  of  the  U.  S.  Coast  and 
Geodetic  Survey.  A.  S.  Flint. 


The  Fifth  Satellite  of  Jupiter. — Number  580  of  the  Astro- 
no^nical  Journal  contains  an  article  by  Professor  E.  E.  Bar- 
nard, giving  a  long  series  of  observations  of  the  fifth  satellite 
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of  Jupiter,  made  with  the  large  refractor  of  the  Yerkes 
Observatorj'  during  the  years  1903  and  1904.  These  measures, 
as  well.as  previous  ones  by  the  same  observer,  were  made  by 
measuring  with  a  micrometer  (he  distance  of  the  satelHte  from 
the  limb  of  Jupiter,  and  then  applying  a  reduction  factor  for 
the  semi-diameter  of  the  planet.  The  values  of  the  reduction 
factor  were  taken  from  a  table  previously  constructed  by  Pro- 
fessor Barnard  from  an  elaborate  series  of  observations  of 
the  apparent  diameter  of  Jupiter.  A  few  measures  were  made 
by  determining  distance  and  position-angle  of  the  fifth  satellite 
with  respect  to  one  of  the  brighter  satellites.  The  two  methods 
are  quite  different,  and  each  has  its  advantages  and  each  its 
disadvantages. 

There  is  a  third  method  of  determining  the  position  of  a 
satellite  which  seems  not  to  be  used  by  observers  of  these 
objects.  Why  should  not  the  position  of  a  satellite  be  deter- 
mined in  the  same  way  that  the  position  of  a  comet  or  an 
asteroid  is  determined.— namely,  by  measuring  its  positiiai 
on  the  sky  with  respect  to  a  star  or  stars  of  known  coordinates  ? 
Such  observations  can  be  made  as  accurately,  and  in  most 
cases  more  accurately,  than  by  either  of  the  two  methods  usual- 
ly employed;  and  it  would  seem,  theoretically  at  least,  to  be  a 
decided  advantage  to  the  computer  who  handles  the  observa- 
tions to  have  the  position  of  the  satellite  refeQ^ed  to  fixed 
points  rather  than  to  constantly  moving  points.  The  object 
of  all  observations  of  position  of  satellites  is  to  obtain  material 
from  which  to  compute  the  orbit  of  the  body,  and  this  can  be 
done  as  easily,  or  more  easily,  from  accurate  right  ascensions 
and  declinations  of  the  body  than  from  the  observations  or- 
dinarily made. 

This  question  is  worth  looking  into,  and  I  hope  at  no  very 
distant  date  to  examine  it  more  critically  in  order  to  determine 
just  what  observations  should  be  made  upon  a  satellite  in  order 
to  compute  the  elements  of  its  orbit  with  the  greatest  possible 
accuracy  and  facility.  It  may  be  that  a  combination  of  the 
observations  mentioned  should  be  made.  S.  D.  T. 

Figure  of  the  Sun. — In  number  104  of  these  Publicalions 
attention  was  called  to  an  article  by  Dr.  C.  L,  Poor  on  the 
variable  figure  of  the  Sun.     In  the  Astrophysical  Journal  for 
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December  Dr.  Poor  has  contributed  a  second  article  on  the 
same  subject.  This  second  article  deals  with  the  results  ob- 
tained from  an  elaborate  series  of  observations  upon  the  diam- 
eter of  the  Sun  made  by  Messrs.  Schur  and  Ambronn,  with 
a  six-inch  Repsold  heliometer  of  the  Gottingen  Observatory. 
These  observations  extend  over  a  whole  sun-spot  period,  from 
1890  to  1902. 

Dr.  Poor  finds  in  these  observations  further  confirmation 
of  the  deductions  obtained  from  his  previous  investigations, — 
namely,  that  the  equatorial  diameter  of  the  Sun  increases,  with 
respect  to  the  polar  diameter,  at  the  same  time  that  the  number 
of  spots  increases,  and  vice  versa.  The  amount  of  the  variation 
in  the  ratio  between  the  equatorial  and  the  polar  diameters, 
however,  is  not  so  great  in  the  observations  of  Schur  and 
Ambronn  as  was  obtained  from  the  Rutherford  photographs. 


The  Astronomische  Jahresbericht,  prepared  hitherto  by  the 
late  Professor  Wislicenus,  will  now  be  undertaken  by  Pro- 
fessor Berberich,  of  the  Recheninstitut  in  Berlin. 


The  following  notes  have  been  taken  from  recent  numbers 
of  Science: — 

The  Paris  Academy  of  Sciences  has  awarded  the  Lalande 
prize  to  Processor  William  Henry  Pickering,  of  Harvard 
University,  for  his  discovery  of  the  ninth  and  tenth  satellites 
of  Saturn, 

At  the  New  York  meeting  of  the  Astronomical  and  Astro- 
physical  Society  of  America,  on  December  28-30,  1905,  the 
following  ofiicers  were  elected  for  the  ensuing  year:  President, 
E.  C.  Pickering;  First  Vice-President,  G.  E.  Hale;  Second 
Vice-President,  W.  W.  Campbell;  Secretary,  G.  C.  Comstock; 
Treasurer,  C.  L.  Doolittle;  Councilors,  E.  B.  Frost  and 
Harold  Jacoby.  Councilors  Ormond  Stone  and  W.  S. 
Eichelberger  hold  over  from  the  preceding  year.  The  time 
and  place  of  the  next  meeting  will  be  determined  by  the 
Council. 

The  will  of  the  late  Charles  T.  Yerkes,  who  owed  his 
large  fortune  to  the  direct  application  of  recent  advances  in 
science,  makes  provision  for  three  important  institutions, 
which  are  to  bear  his  name.     The  Yerkes  Observatory,  to 
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which  he  has  already  contributed  liberally,  receives  one  hun- 
dred ihousand  dollars :  the  Yerkes  Galleries  and  the  Yerkes 
.ospital  are  to  be  established  in  New  York  City  on  the  death 
his  widow,  or  sooner,  should  she  wish, 


The  Late  Astronomer  Royal  of  Ireland. — Mr 
J.  JoLV  died  at  Dunsink  Observatory,  Dublin,  on  the  4th  of 
January  last.  He  was  educated  at  Galway,  and  in  1882  entered 
Dublin  University,  where  he  had  an  academic  career  of  the 
highest  distinction.  In  r886  he  took  the  mathematical  student- 
ship and  first  place  in  science  among  the  men  of  his  year. 
Eight  years  later  he  was  elected  a  Fellow  of  Trinity  College, 
and  identified  himself  closely  witn  the  advanced  scientific 
teaching  of  that  institution.  In  1897  he  succeeded  Mr.  A. 
Ramiialt  as  the  .•\stronomer  Royal  of  Ireland.  This  post 
is  attached  to  the  Andrews  Professorship  of  Astronomy,  which 
was  founded  at  Dublin  University  in  1783.  The  tenant  of  both 
offices  resides  at  Dunsink  Observatory,  which  is  five  miles 
outside  Dublin,  and  is  used  both  for  independent  observation 
and  as  the  university  school  for  the  teaching  of  astronomy. 
Mr.  JoLY  was  efficient  both  as  a  student  and  as  a  teacher  of 
that  science,  and  he  maintained  the  high  reputation  of  his 
chair,  which  has  given  to  England  in  the  past  Sir  Robert 
Ball,  Mr.  Rambaut,  and  other  eminent  scientists.  He  was  a 
member  of  the  Royal  Society  and  of  other  learned  associations, 
Hl-  was  forty-one  years  of  age. — Extract  from  the  Times. 


^ 


jV«('  Astronomer  Royal  for  Scotland. — Mr.  F.  W.  Dyson, 
f.  R,  S..  Chief  Assistant,  Royal  Observatory,  Greenwich,  has 
been  appointed  Astronomer  Royal  for  Scotland,  and  also  Pro- 
fessor of  Practical  .'\stronomy,  Edinburgh  University.  Mr. 
Dysox  studied  at  Cambridge,  and  was  second  wrangler  and 
Smith's  prizeman  in  1889,  and  also  Isaac  Newton  student. 
He  is  Secretary  of  the  Royal  Astronomical  Society,  and  has 
pubHshed  contributions  on  mathematical  and  astronomical 
lubjects. — Extract  from  llic  Tmcs. 
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Minutes  of  the   Meeting  of  the  Board  of  Directors, 
Held  in  the  Students'  Observatory,  Berkeley, 
January  27,    1906,  at   10  p.  m. 

President  Townlev  presided.    A  quorum  was  present.    The  min- 
utes of  the  last  meeting  were  approved 

Election. 
Miss  Mary  G.  McComas,  iooi  Leavenworth  Street,  S.  F.,  Cal., 
was  elected  to  membership. 

It  was,  upon  motion, 

'  Resolved,  That  No.  io6  of  the  Fublications  be  printed  in  an  edition  of  1250  copies. 

Resolved,  That  the  Astrophysical  Observatory  and  the  Astronomical  Observatory, 
both  of  Heidelberg,  Germany,  be  placed  upon  the  list  of  correspondinic  institutions. 

William  Alvord  Fund. 

The  Treasurer  reported  that  the  $5,000  bequeathed  to  the  Society 
by  the  late  Mr.  Alvord  were  received  on  December  20,  1905,  and  that, 
by  order  of  the  Finance  Committee,  the  money  was  placed  on  deposit 
with  the  following  savings  banks : — 

{2,500  with  the  Humboldt  Savings  and  Loan  Society, 
{2,500     **     "    Savings  and  Loan  Society. 

The  following  resolutions  were  adopted  : — 

Resolved,  That  the  bequest  to  the  Society,  by  the  late  Mr.  William  Alvord,  of 
$5,000  be  placed  in  a  separate  fund,  to  be  known  as  the  William  Alvord  Fund  of  the 
Astronomical  Society  of  the  Pacific ;  and 

Resolved,  That  the  income  from  the  William  Alvord  Fund  be  devoted  to  specific 
purposes ;  and  that  it  shall  become  available  only  through  a  resolution  duly  adopted  at  a 
regular  or  special  meeting  of  the  Board  of  Directors;  provided,  however,  that  the  income 
for  the  fiscal  year  1906-1907  be  devoted  to  the  Publications  of  the  Society,  and  that  an 
acknowledgment  to  the  Alvord  Fund  be  printed  in  the  Publications. 

Resolved,  That  the  Finance  Committee  be  empowered  to  invest  the  funds  of  the 
William  Alvord  Fund,  upon  the  consent  of  the  President,  in  such  first-class  bonds  as 
they  may  deem  advisable. 

The  proposed  amendment  to  Article  IX  of  the  By-Laws  was  referred 
back  to  the  Committee  for  further  consideration. 

Adjourned. 
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IUnl'tes  of  the  Meeting  of  the  Astronomical  Society 
HE  Pacific,  Held  in  the  Students'  Observatoby, 
Berkeley,  January  27,  1906,  at  8  p.  m, 
The  meeting  was  called  to  order  by  President  Townlev. 
The  following  papers  were  presented  ; — 

nomer  ol  Bygone  D*y>  and  an  A>li 


Lcnurcby  Mn,  Isaac  RoBeiiTS:  "Ai 
ccal  Out  Own  Time." 

The  Lick  Observitory-CriicliFi  Eclip«  E.peditiot 


o  Spain,  by  Pro!  W.  W.  CAMr- 

D    IQ    Egypl,    by    Prol.    W.   ]. 


Shadaw  Bands  ■!  Total  Salac  EclipKi,  by  M,  Roso  DB  Luna. 

Vaiiable  Slar  Notes,  by  Miu  RO£E  O-Halloean. 

Planetary  PhenomenB  foi  Match  and  Apill,  1906.  by  Prol.  M.  McNkii.l. 

The  Chairman  then  introduced  the  lecturer  of  the  evening,  Mrs. 
Isaac  Roberts,  who  read  her  paper  on  "An  Astronomer  of  Bygone 
Days  iTvcHO  Brahh)  and  an  Astronomer  of  Our  Own  Time  (Isaac 
Roberts),"  and  showed  a  nutnbe^  of  stellar  photographs  taken  at  the 
Starfield  Observatorj'. 


;t  of  eleven  Directors  and  Committee 
on  Publication,  to  be  voted  for  at  the  annual  meeting,  to  be  held  on 
March  31SI,  was  appointed  as  ioUows  1  Messrs.  O.  von  Geldbrn 
(Chairman).  R.  T.  Crawford,  J.  D.  Gallowav,  J.  K.  Moffitt,  C.  D. 

A  committee  to  audit  the  accounts  of  tlie  Treasurer,  and  lo  report 
at  the   annual  meeting  in  March,   was   appointed   as  follows  :    Messrs, 
I.  S.  Gushing  (Chairman),  A.  H.  Babcock,  Fremont  Morsh. 
Adjourned. 
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anuuBl  paimxnls  are  due  nn  Jinuiry  iit  oreocb  ■■wctcding  cilcndur  vrar.  TliunilcV 
iiecesMry  111  onlrr  to  nwlie  out  boMc  VecphiK  is  liitiple  u  naaible.  Dues  sent  by  mil 
iboBld  be  dlrccicil  to  AiirouontcalSaciilr  ol  ihc  Pacific.  B19  Market  SIrael.  Su  FnnciMo, 
It  Is  tnieiidtilthiilnchiacinbcrot  the  SaclMyiballnccivc  ■.copy  of  acholic  of  ibc 
PiaHetlioni  fur  Llw  \  car  In  which  he  »u  ekttrd  to  membentaip  and  for  all  lufawqnciil 
yean,  inhere  have  brcn<UDrariiiaalely)  any  onilnliMU!  In  Ibii  matter,  It  la  tequestedihii 
the  Secrelariea  be  at  aice  notitied,  in  oidtt  that  the  mining  DunbcrB  may  be  urpllcd. 
Manbas  arc  reqoetlcd  10  preserve  the  copka  of  the  Aitfira/HHu  of  the  Sodeiy  aiaeoiia 
ib-rn.  Onreeachyeaia  lltlr-pageandcoiuenlBofthepcecedfunamberairilt  abobeaeat 
IP  the  niembeit,  who  ran  then  biiMl  the  nunbert  togctber  lalo  a  volume.  Compl«e 
volumei  for  [Hit  ytan  will  alw  be  aupvlicd,  to  memben  onty,  ao  far  as  the  slock  in  hand 
isBuflkienI,  an  Ihepn  mmt  of  two  dollBri  per  volimie  (o  either  of  the  Secretaries.  Any 
non-ceiideut  mcniher  wiihin  the  United  Stales  can  obtan  hooka  from  Ihe  Socirty'a  h'brary 
bv  irndinE  bla  bbrary  curd  viih  icn  cenu  In  sunn  to  1  he  Secteiary  A.  S.  P.,  S19  Market 
Sired,  San  Frannsco.  who  will  return  IbeboiriE  and  the  card. 

The  Camnltlee  on  Publicalian  dealiea  to  aay  that  the  order  In  which  papers  are 
pTlnled  iu  the  PiiblicaUoKi  i«  decided  ■Implr  by  convenience.  In  a  ((eneral  way.  IhoK 
»pei»_»n  printed  fiMtwhif- ' — ■  ■ ■-"-"— ■ -<--■  - 


■end  pTool  siieds  of  papers  to  be  ptinied  to  ai 
United  SlalH.    The  responsibility  lorCbeviewsc 


nihility  lor  Che  views  eapresaed  in  the  papers  printed,  and  lor  the 

.3IB  with  the  wrtlera,  and  Is  not  assumed  by  tbe  Society  ilacU. 

Fsprra  lor  reading  should  be  communicated  to  either  of  the  SeeretBriesai 


■riy  u  possible,  as  well  as  any  changes  in  sddtOKa.    The  Secretary  in  San  Frai 
end  to  any  member  of  the  Socieiv  suitable  atatlonery,  stamped  with  the  si 


I  block  of  jeiiet  paper ,'4a'cen  la;  of  note  pi 


y  Older  or  in  U.  S.  postage  stampe.    Thescndings  are  *t  the  risk  olihemi 

■  should  commimlcale  with  "  The  Secretary  Astronomical  Society  of  th 
'"leSoclely.Btf  Market  Street,  San  Francisco,  in  order  that  ar- 
tlion,  lodging,  etc. 
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ADDRESS  OP  THE    KKTIRINO  PRESIDENT    OP  THE 

I    SOCIETY,  IN  AWARDING  THE  BRUCE  MEDAL 
TO    GEHEIMER   OBER-REO.    RATH    PRO- 
PKSSOK  DR.  HERMANN  CARL  VOGEI-. 


By  SiDNBV  D.   TOWNLEY. 


At  the  close  of  anotlier  fiacal  year  in  the  hislorj'  of  I.Iip 
Astronomical  Society  of  the  Papifie  it  hfipomes  my  pleasant 
duty,  as  your  retiring  President,  to  review  brietly  the  pant 
[jrogreBB  of  the  Society  and  to  make  public  announceiupnt  of 
the  sixth  award  of  the  Bnice  Oold  Medal. 

This  Society  was  founded  Vebrnmy  7,  1889,  as  the  result 
ol'  the  co-operation  between  amateur  and  professional  nArouo- 
niprs  in  observing  the  total  solar  eclipse  on  Ni'w  Year's  day 
I'f  that  year.  The  Society  waa  designed  to  be  popular  in  the 
best  sense  of  the  word,  and  its  progress  for  several  years  was 
very  mpid.  Later,  however,  a  slii^ht  retrograde  .movement 
sot  in,  but,  as  in  the  case  of  the  planets,  this  did  not  last  long, 
and  we  are  happy  to  state  that  the  Society  is  again  moving 
with  forward  motion.  The  membership,  though  not  large,  is 
of  a  solid,  permanent  character,  and  the  PvUlicnliona  of  the 
Society  now  hold  a  recognized  place  in  astronomical  literature, 
Seventeen  volumes  of  the  Puhlicdtions  are  now  complete,  and 
the  Society's  library  contains  fourteen  hundretl  books  and 
about  tile  same  number  of  pamphlets.  Through  the  liberality 
of  genei-ous  friends  the  Society  now  possesBea  an  endowmemt 
fond,  including  the  Life  Membership  Fund,  of  nearly  $17,900, 
the  interest  from  which  is  used  for  varioius  pui-poses,— such 
as  the  bestowal  of  the  Bruce  Gold  Medals,  of  the  Donohoe 
Comet-Mledals,  for  additions  to  the  library,  etc. 

In  1897,  the  late  Catherine  Wolfe  Bbiice,  of  New  York, 
ive  to  the  Society  a.  fund  of  $2,750,  of  which  $250  was  to 
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be  useJ  tor  the  purchase  of  a  gold  medal  to  t»  awarded 
regardless  of  race  or  sex,  fni-  distinguished  services  to  a-slrono 
iriy.  The  reniBiniug  $2,51X)  was  t«  be  invested,  aud  the  interei 
therefrom  used  for  the  bestowal  of  other  niedala,  not  oftenei 
than  once  a  year.  The  direetors  of  six  nf  the  largest  aud  moe 
prominent  observatories  in  the  world— Berlin,  Harvard,  Gn-i' 
wich,  LieJi,  Paris,  and  Yerkes—are  each  asked  to  nmnirn 
three  astronomers  as  worthy  to  receive  the  medal,  and  fro 
the  persona  thns  nominHted  the  medalist  is  chosen  by  1 
directfirs  of  the  Soeiety. 

The  first  award  of  the  inedal  was  made  to  the  eminenl 
Ameriean  .astronniner.  Professor  Simon  NEwroMit;  the  sea 
ond  award  fn  one  of  flermanys  distinjrnished  sons,  Profeasw 
Abthur  ArwEBS;  the  third  award  to  an  EtiKlifihintin  wh 
attained  eminence  far  awa.v  from  his  nativt-  isle.  Sir  Davi 
Cnj,.  Director  of  the  Cape  nf  Gi'od  Rope  Ohseri'htor^';  lh( 
fourth  award  t<i  Professir  riiMVANSi  VnusiNio  SrinAPAHEiJ^ 
Director  of  the  Ohservtitory  at  Milan,  and  Italy's  most  i 
lioM-ned  astrononuT:  the  fifth  award  tit  Sir  Wiujam  TTncHirw 
another  of  Enirhind's  fttniims  astmnomn-s,  who  is  still  hnsil] 
enpaf-od  in  scientific  reseavelies  at  the  asre  of  cighty-two: 
now  it  frives  me  Brent  pIcnKiire  to  pnhlicly  announce  that  th< 
sixth  award  of  the  medal  bus  1»een  made  tii  another  of  th< 
eminent  sons  of  Oermanv,  Pmfessor  IIekm,\nn  Caiii.  Voobi 
Director  des  Astmphysilfalischen  Ohserviitorinm  kii  Potsdam 

Professor  Vihjeij  has  bii-n  connected  with  the  AstiTphyi 
ical  Ohsei-vator>'  at  Potsdam  ever  Rince  it  was  established  i 
1874,  and  his  work  has  therefore  been  almosrt  entirely  aloi 
Ihe  line  of  the  new  airti-onomy,  or  astiiiphysies.  He  now-  stand 
w;ith  our  fifUi  medalist,  Sir  Wilmam  -Hi'gqins,  as  one  of  tb 
pioneer  workers  in  this  highly  interesting  branch  of  astrono 
uiy,  and  his  many  published  writings,  only  a  portion  of  whio 
are  to  be  found  in  the  vohimes  of  the  Astrophysical  Observi 
tory,  will  stand  as  a  lasting  monument  to  his  industry,  abilittj 
and  eonstant  devotion  to  the  queen  nf  all  the  seienws, 
trnnomy. 

Our  medalist  was  boru  in  Leipsic  March  4,  1842.  Hi 
education  was  obtained  at  the  Univei-sity  of  Ix'ipsie,  and  1 
bi'came  assistant  in  the  Leipsic  Observatory  in  1864.  Fro 
1870  to  1874  Doctor  Vogel  was  director  of  Herr  von  BuwwT 
private  observatory  at  Bothkamp,  near  Kiel.     From  1874  t 
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1882  he  was  a^suciat^  with  the  commissioii  whk-h  had  in 
charge  the  bujjdmg  of  the  Aatrophysical  Observatory  at  Pota- 
(Ijini,  and  iu  the  latter  year,  when  this  ma^uifieeut  institution 
was  turned  over  to  the  (lovernnicnt  by  tlie  commission,  Diwtor 
VtKitL  l>eeamG  its  first  director,  and  still  remains  in  that 
piisition. 

The  obsei-vatory  at  Potsdam  was  bnill  and  is  maintained 
liy  the  Prnssian  (government.  It  was  at  fimt  indirectly  con- 
ni-et^d  with  the  University  Observatory  at  Berlin,  but  it  now 
Las  no  conniictioa  with  any  educational  institution,  although 
tif  the  astronomera  of  the  observatory  lecture  at  the  Uni- 
iRiity  of  Berlin. 

The  obse.rvatf>ry  is  loenti'd  nn  tlu'  s  nnmit  of  a  hill,  amid 
laciouR.  heavily  wooded,  imd  well-kept  (.'ixiunds,  just  outside 
of  Pot«lBin,  at  a  distance  of  about  fifteen  minutes'  walk  from 
the  railway  station.  The  penerid  eonstnietion  of  the  obaerva- 
t4.ry  may  be  seen  from  the  illustration  presented  herewith.' 
the  principal  instruments  of  the  original  observatory  are 
refractors,— one  of  30  centimeters  (12  inebes)  aperture, 
liAjective  by  ^hroeder,  mounting  by  EbpsoijD,  in  the  central 
dome;  one  of  21  centimeters  (8  inehes)  by  Grubb,  in  the 
western  dome,  used  chiefly  for  the  observation  of  sun-spots ; 
and  a  13-centi meter  (.'j  inches)  telescope  by  KTEiNHBn,,  in  the 
eastern  dome,  used  for  speetro8€opie  observations  of  the  Sun 
and  for  photometric  work.  It  should  be  stated  that  the  Pots- 
dam Obsei-vatory  was  intendwl  originally  for  solar  work,  and 
ir  was  indeed  fomierly  called  the  Sonnenwarte,  or  solar  ob- 
servatory, as  distinguished  fiiim  a  Steniwarte,  or  star  ob- 
servatory. One  of  the  rooms  of  the  obsei-vatory  contains  a 
very  large  and  accurately  eonstnicted  spectromet'^r,  by  R.vm- 
lii.'RO,  which  is  used  for  .study  of  the  solar  spectrum,  tiie  rays 
of  light  from  the  Sun  being  bi-ought  to  the  collimator  in  a 
horizontal  direction  by  means  of  a  heliostat.  The  roouis  of  the 
ohservatory  cmitiiin  many  smaller  instnimenta  and  pieces  of 
i|>paratus. 

In  1889  it  was  decided  by  an  international  conference 
rjiieh  met  in  Paris  to  take  up.  by  co-operation  among  a  num- 

rratiha  from  wblch  Lhtscut  and  tpeoneofDoclAF  Voobl  were  mode  wr^ru 
1y  loaned  by  Prtit.  LinHCRNKB,  A  Dottier  v  ten  of  the  observatory  anil  a  abort  des- 
.iVe  article  by  Prof.  LutwctinaKnuiybetounalnV^olumelVotthesePubllcaiitona. 
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ber  of  observatories,  the  almost  herculean  t-ask  of  photogi'apbS 
iiig  the  entire  sky  and  making  cat)ili>^i€s  and  eharts  of  thfl 
stars  eontained  upon  the  plntes  obtained.  Tke  PotsdaiD  OH*^ 
s«rvatur}'  engaged  to  take  part  in  this  work,  and  was  assigne^l 
the  v/yue  lying  brtweeji  3T  and  40'  of  north  declination.  FoM 
this  pnrpose  a  new  photographic  refractur  of  45  centimeteiH 
(in  inehes)  aperture  was  provided  and  mounted  in  a  dome  del 
tached  from  the  main  building.  The  instrument  is  in  fact  tU 
doublet,  a  visual  telescope  of  23  centimeters  ( 9  inches)  beii^fl 
provided  for  the  purpose  of  guiding  the  photographic  tdM 
I'seope.  ■ 

Again  in  1900  a  very  material  addition  was  made  to  t^H 
i'<iuipment  uf  the  observatoi-y  by  the  acquisition  of  a,  gredfl 
refractor  having  a  photographic  objective  of  90  oentimetedB 
(31.5  inches)  and  a  fneal  length  of  12  meters  (39  feet),  mgfl 
also  a  ^isital  tele-scope  with  aperture  uf  50  centnneters  (^B 
inches)  and  focal  length  of  12M;  nn-lers  (41  feet).  Tl^fl 
instrument  is  useil  fhiefly  for  the  determination  of  the  velo<^| 
ties  ()f  stars  in  the  line  of  sight,  and  is  located  in  a  dome  mj 
uated  on  n  second  hill  at  simie  Utile  distance  from  the  ma^f 
building.  The  iinflninhed  dome  may  be  seen  in  tbe  illustt^H 
tton.'  fl 

Besides  Director  Yodii:!.  there  are  a  number  of  astro  no  meal 
iind  aaiistants  connected  with  the  Potsdam  Observatory,  aofl 
an  atmosphere  of  intense  scientific  activity  prevails  there.  Poi^H 
tr en  well-filled  quaito  volumes  have  been  issued  in  the  rcgut^H 
series  of  publications  of  the  Observatory.     The  iuvestigatiolH 
pnnteil  iu  these  volumes  cover  a  eonsiderable  range  of  proll 
lems  In  astrophysics.    Among  these  may  be  mentioned  observs-" 
tions  of  sim-apots,  investigations  of  the  solar  spectrum,  studies 
of  the  spectra  of  the  planets  and  the  fixeil  stan*,  phiotograjihic 
observations  of  the  velocities  of  tlie    stars.     ol>sorvations 
variable  stai-s,  photomfctrie  determinations  of  stellar  ma^ 
tudea,  et/-.  In  addition  to  the  regular  series  of  publications  thrt 
volumes  have  been  iasned  eiving  tbe  results  of  the  wovk  undei 
taken  in  conneetion  with  the  international  plan  to  photoerapl 
the  entire  heavens,  mention  of  which  has  already  been  madi 
These  volumes  contain  the  photogi-aphic  magnitude  and  Sri 

'  Ad  lllustrnMon  showing  Ibe  buUdlns  after  It  was  Hiinplei«d  tomt  be  loundfl 
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roximate  position  of  62,103  stars  all  lying  in  the  zone  31' 
s  40"  north  declination.  This  work  is  not  yet  completed. 
All  of  this  work  has  besn  done  under  Professor  Vogel's 
direction,  and  we  can  easily  iniafjine  that  the  administrative 
•  iuties  of  such  a  large  institution  might  fully  tihanrb  all  of 
the  energy  of  the  director,  Suuh,  however,  ha*  not  been 
the  case,  for  Professor  Vikiel.  has  found  time  to  carry  on 
scientific  work,  and  has,  altogethiT,  published  a  large  number 
of  papers  and  meraoira  on  astniuomieal  subjects.  'l"hey  liave 
Iwc-n  printed  mostly  iu  the  vrJiinies  of  the  Potsdam  Observa- 
tory, in  the  Sitzmigsberichti:  of  the  Berlin  Academy  ol 
Hcjencea,  in  the  Antro^nomische  Sachrichten,  and  in  theAstro- 
physicai  Journal.  While  looking  up  Doctor  Vogel's  writings 
I  verj'  soon  berauuc  convinced  thtit  it  would  be  quite  out  of  the 
question  for  me,  except  by  the  expenditure  of  an  amount  of 
time  impossible  for  me  to  give  to  the  matter  at  present,  to 
present  to  yon  anything  more  than  a  mere  outline  of  his 
scientific  activity.  Fully  half  of  the  one  hundred  volumes  of 
the  Astronomische  Nachrk-kten  which  have  been  issued  since 
13(!6  contain  one  or  more  articlea  by  Doctor  Vogbl. 

TheAstronominche  JVackrichlen  (volume  HI)  contains  an 
article  by  Doctor  Brubns,  Director  of  the  liCipsic  Observatory 
under  date  of  July  1,  1866,  in  which  are  given  some  observa- 
tions by  Herr  Vooel,  and  they  constitute  probably  the  first 
scientific  observations  made  by  our  medalist,  llieao  consist 
of  observations  of  minor  plnnets,  observations  of  a  gnmp  of 
sun-spots,  with  drawings,  and  an  account  of  some  experiments 
made  iu  photographing  llic  Sun.  It  is  seen  that  at  this  early 
date  Doctor  VixsEi-  was  interested  in  solar  observation  and 
in  photography,  and  it  shuuli!  be  remembered  that  photography 
was  at  that  time  in  its  infancy.  While  at  Bothkamp  (1870  to 
1874)  Doctor  Vimjei,  took  up  solar  and  spectroscopic  work,  and 
it  was  there,  at  a  private  observatory,  that  the  first  astrophysi- 
cal  work  was  done  in  Germany. 

Although  provided  with  only  an  lli/Ci-inoh  retractor,  a  mere 
infant  in  comparison  with  the  giant  telescopes  of  the  present 
day.  yet  the  four  yeara  spent  by  Doctor  Vooel  at  the  Both- 
kamp Observatory  were  very  prolific  ones,  and  some  of  the 
most  notable  of  the  spectroscopic  work  was  done  during  that 
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time.  The  spectra  of  all  classes  of  heavenly  bodies  were  exam- 
ined, but  the  most  notable  result  of  Doctor  Vogel's  activity 
during  this  period  is  perhaps  his  observations  of  the  spectra 
of  the  planets.  The  Copenhagen  Academy  of  Sciences  offered 
a  prize  for  the  best  memoir  on  the  spectra  of  the  planets,  and 
it  was  our  medalist  to  whom  this  prize  was  awarded  in  1874. 
Althougli  these  investigations  were  made  over  thirty  years  ago, 
and  with  a  telescope  of  only  IIY2  inchas  ajxirture,  still  many 
of  them  have  never  been  surpassed,  and  Doctor  VoGEii's  w^ork 
is  still  quoted  a^  authority  on  the  spectra  of  the  planets. 

It  was  during  this  period  also  that  he  proposed  a  new  cla.ssi- 
fication  of  stellar  spectra,  which  is,  perhaps,  more  strictly 
sj>eaking,  a  modification  of  Sbcchi's  classification.  This  is  a 
very  important  subject,  but  time  will  not  permit  me  to  take 
up  a  detailed  consideration  of  it.  It  is  perhaps  sufficient  tx) 
state  that  although  more  elaborate  systems  of  classification 
have  been  proposed,  still  the  general  classification  laid  down  on 
broad  lines  by  Secchi  and  by  Vogei.  is  still  sufficient  for  most 
purposes. 

The  great  activity  of  Doctor  Vooei^  at  Bothkamp  and  the 
brilliant  success  attained  there  led  to  his  selection  as  chief  ob- 
server and  afterwards  director  of  the  Astrophysical  Observa- 
tory at  Potsdam. 

Among  the  many  brilliant  achievements  of  our  medalist 
there  is  none  perhaps  which  stands  out  more  prominently  than 
his  observations  of  the  velocitie.s  of  the  fixed  stars  in  the  line 
of  sight.  The  principles  underlying  this  method  were  ex- 
plained to  tlie  meinhei*s  of  this  Society  in  a  lecture  by  Professor 
Campbell  not  very  hmg  ago,  and  as  they  have  been  explained 
frequently  in  fustrononiicid  journals  it  seems  hardly  necessary 
for  me  to  repeat  them  here.  It  was  in  1868  that  Doctor  Hl'G- 
GiNs  first  announced  the 'method  of  determining  velocities  in 
the  line  of  sight  by  measuring  the  displacement  of  the  lines 
of  the  speciruin.  'J'his  work  was  t^iken  up  by  Doctor  V(Xii-x 
whih^  at  the  Bothkamp  Observatory,  and  the  radial  velocities 
of  some  of  the  ])righter  stars,  Sii'ius,  Procyon,  C^Apelh,  AltaiVy 
and  Ve(jn,  were  measured  l)y  visual  methods,  but  it  was  not 
until  Doctor  VodKL  had  at  his  disposiil  the  finer  equipm<»nt  of 
the  Potsdam  Observatory  that  any  great  progress  was  made. 
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SltMrnt  the  year  1887  he  eoiiiDieiiced  experiineiilK  in  pliotcKrapli- 
tog  stellar  spectra.  By  meiiBiiring  tlw  displacement  of  tlu' 
,  referred  to  a  eompnrisnu  apenlnmi  <in  thp  same  platL-, 
!  was  found  possible  to  deteniiine  these  displacements  to  « 
ich  greater  degree  of  acciiniey  than  hy  visnal  nietlmrts,  an  1 
a  to  measure  the  Kjiectra  nf  sture  which,  on  acetniut  iif  thi'ir 
fHititnosH.  poiild  not  t>e  reac-hed  by  visua!  methods.  In  1K!)'2 
tlie  results  of  this  very  important  work  were  given  tii  lhe 
world  in  pait  I  of  volume  VII  of  the  Publications  of  the  Aslio- 
physieal  Observatory.  llie  vi-hn-ity  in  the  line  of  s\(^H  of 
hfty-one  of  the  brinhtcnt  stara  of  the  ahy  whs  measured,  luiil 
ii  WHK  imieed  a  notable  achievement.  Since  that  time  the  wnri; 
has  been  taken  up  at  a  numlier  of  places.— I'ulkova.  Mend'm. 
Creenwich.  Enjerson  McMilliu,  Yerkes,  Lowell,  and  Lick 
oliservatories.  The  sucec-ss  of  the  Lick  Obsei-vatoiy  in  this 
field  of  work  is  well  known  to  nienibera  of  this  Society  and 
nwd  not  he  dwelt  upon  at  this  tinje.  Jfany  improvcmenlB  have 
Ix-en  made  in  Uie  instrumcnt-al  wpiipnu'nt  with  which  this  pmb- 
K'ln  has  been  attjieked,  and  a  degree  of  r-efinement  in  the  ri'sul!s 
bus  now  been  attnined  which  pmbably  fiirsurjiH^w's  the  wildest 

IjdrvamK  of  the  oriftinatora  of  the  method. 
Several  by-products  have  been  obtained  in  the  proscculinn 
bf  this  work,  the  most  notHhle  of  which  is  the  discovery  of 
■D  entirely  new  species  of  double  stare,  the  so-called  spcctro- 
ptopic  binariffl.  dual  systems  in  which  one  of  the  components, 
eitlier  on  account  of  the  relative  faintness  of  its  lijrht  or  its 
proxiniity  to  a  bright^'r  star,  or  both,  is  invisible.    This  ia  wn 
4'xcellent  example  of  the  versatility  of  modem  scienee,  and  it 
•H  indeed  a  notable  atfliievcment  that  astronomers  should  now 
p'>sscsB  methods  of  reseaifh  that  are  capsble  of  diselosing  to 
us  the  existence  of  bodies  situated  at  the  confines  of  the  uni- 
■rwrse  and  forever  invisible     in  the  most  powerful  telescopes. 
^War  medalist  shares  with  Professor  Pickkkino  the  honor  of 
^nwin^r  the  firat  to  pnive  and  announce  the  existence  of  such 
systi'ms  as  these.     It  was  in  1889  that  Professor  Vookl  an- 
miunwd  that  ^  Persf.i  (Algol)  and  a  Virginix  (Spifa)  had  in- 
visible companions,  which  revolved  with  the  bright  stars  around 
sotnmon  centers  of  gravity,  it  was  during  the  same  year,  and 
fact  shortly  before  Doctor  V(X!FJ.'s  annouu cement,     that 
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I'mfpssor  PiCKEiUNU  Hiwiuiinci-d  that  C  Urm<-  Majoris  (Mizm 
nud  p  Aw'gae  are  at  ten  dec)  by  invisible  companions,  and  tlu 
it  happened,  an  has  been  the  case  many  times  before,  that  I 
important  discovery  was  aunnsnced  almost  sinmltaneously  I 
two  men  working  entirely  independently  of  each  other. 

The  discovery  that  Algol  is  attended  by  an  invisible  c 
panion  possessed  a  double  interest  from  the  fact  that  this  d 
eovery  afforded  an  explanation  of  the  peculiar  type  of  variabl 
ity  exhibited  by  this  atnr,  and  indeed  confirmed  an  explaiialioi 
offered  many  years  before,  hnt  based  upon  purely  hypothetioi 
considerations.    The  history  of  this  star  Algol  has  been  i 
ten  many  times,  but  as  the  story  is  a  ver.v  interesting  one  I 
will  perhaps  bear  one  more  repetition.    T  shall,  however,  p 
fine  m,vself  to  a  bare  statement  of  the  facts,  without  atlemptinj 
fo  adorn  my  story  with  any  of  those  embellishments  that  it 
would  he  a  comparatively  simple  matter  to  provide.    Algol  at 
its  normal  brifjhtness  shines  with  almost  the  same  amount  nf 
lijrbt  an  the  Pole  Star.     That  the  britrbtncss    of  Algol  is  at 
times  considerably  less  than  that  of  Po''in,«  was  first  noticed 
by  MriNTANARf  in  1669,  bnt  it  wa.s  not  until  over  a  efntnr>- 
later  (1783)  that  Goodrich  discovered  the  exact  natui-e  of  th<' 
variations  of  Algol's  lipht  and  siiorffosted  an  explanation.  Al-f/nl 
remains  at  the  same  brifrhtneas  most  of  the  time,  bnt  at  rei^iOu 
times  of  a  little  less  than  three  days  the  light  of  the  star  begi 
to  deci-ease  and  continues  to  decrease  for  about  five  lioa) 
reducing  the  magnitude  of  the  star  from  2.2  to  3.7. 
lipht  then  bepiins  to  increase  ajrain,  and  at  the  end  of  anotk 
five  hours  the  nonnal  brichtness  has  been  regained.       I 
GnODRirH  Huegested  that  this  diminntion     which  takes  j 
ill  the  light  of  Algol  might  be  caused  by  the  interposition  i 
dark  companion  revolving  around  the  star  in  a  plane  pass 
through  our  Run.  and  therefore  the  bright  star  becomes 
t'ally  eclipsed  at  regidar  inter\'als  when  the  dark  eompi 
passes  between  Algol  and  the  Earth.     It  follows,  of  ci 
that  if  such  a  dual  system  actually  exists,  the  liark  eompanJ 
not  only  revolves  ai'ound  the  bright  star,  bnt,  eonveraety. 
bright  star  revolves  around  the  dark  one,  or.  more  eorr* 
speaking,  the  two  revolve  around  a  common  center  of  );rBvil 
situated  somewhere  on  the  line  joining:  their  centers,  midw 
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between  centers  if  the  masses  of  the  bodies  are  equal,  but 
nearer  the  hoa%ier  one  if  the  masses  are  unequal.  It  is  there- 
fore evident  that  Algol  is  revolving  in  au  orbit,  probably 
nearly  circnlar.  and,  if  the  piano  of  this  orbit  passes  through 
the  Earth,  then  at  one  part  of  it  Algol  mnsl  be  moving  toward 
the  Earth,  half  a  period  lutpr  moving  away  from  the  Earth, 
iind  at  two  other  points  will  be  moving  in  a  direction  perpen- 
dicular to  the  line  Joining  Algol  and  the  Earth.  If  this  theory 
be  eorreet,  then  it  should  be  possible  t^)  detect,  by  means  of 
the  spectrograph,  this  change  in  the  motion  of  Algol  toward 
and  from  the  Earth.  Doctor  Vogel.  was  the  first  person  to 
undertake  a  sslulion  of  the  problem,  and  his  observations 
resulted  in  a  complete  verification  of  the  theorj".  Before  each 
lininium  Algol  was  found  to  be  moving  away  from  the  Sun 
■ft  the  rate  of  42  kiiometere  (26  English  miles)  per  second,  and 
«jFter  each  m*nimum  to  be  approaching  with  an  equal  speed, 
while  at  intermediate  times  the  imprinted  lines  showed  no  dis- 
placement, and  henee  the  star  was  moving  perpendicularly  to 
the  line  joining  Algol  and  the  solar  system.  From  these  data, 
the  known  period  of  the  variable,  and  the  amount  of  obscura- 
tion caused  by  the  passage  of  the  dark  companion.  Doctor 
Vogel  was  able  to  compute,  on  the  a-isuniption  that  the  two 
bodies  were  of  equal  densities,  the  following  results  for  this 
interestinsf  variable  speet rosci)pic   binary:— 

Kilometer!!.  HI  lea- 
Diameter  nf  Algol   1,700,000     =     1,061.000 

Diameter  of  the  satellite 1.3.10.000     =        8:^0,000 

Distance   between  their   centers. . .     'j.lSO.OOO    =    3,230,000 

Orbital  velocity  of  Algol 42     =  26 

Orbital  velocity  of  the  satellite.  .. .  89    =  55 

MasKes  of  the  two  bodies,  .four  ninths  and  two  ninthft  of  the 
8iin  's  mass. 
Doctor  VixsEL  has  given  much  time  to  the  study  of  the 
Snn,  and  the  maps  of  the  solar  spectrum  given  in  voinmc  I 
i>f  the  PnhUcaiiona  of  the  Astro ph>-sical  Observatory  are  per- 
haps the  finest  maps  of  the  solar  spectrum  ever  printed,  and 
are  almost  uuivei-sally  uaeil  for  purposes  of  instnictiou  and 
illustration.  Our  medalist  has  given  particular  attention  to 
the  study  of  the  spectra  of  new  stars,  and  his  memoirs  on 
Sova  Aurigae  and  Sovii  Persii  occupy  conspicuous  places  in 
the  literature  referring  to  these  remarkable  bodies.  Ho  has  also 
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studied  the  spectra  of  nebulae,  clusters,  the  Wolf-Rayet  stars, 
comets,  the  aurora,  the  zodaical  light,  lightning ;  in  fact,  there 
is,  I  believe,  no  class  of  celestial  bodies  or  celestial  light 
phenomena  that  has  not  been  studied  by  this  indefatigable 
worker. 

Doctor  VoGELi  has  devised  many  pieces  of  apparatus  and 
improvements  to  spectroscopes.  The  observations  made  by 
him  possess  a  high  degree  of  precision,  and  many  of  the  results 
obtained  by  him  with  small  telescopes,  in  a  rather  poor 
climate  from  an  astronomical  standpoint,  have  not  been  sur- 
passed by  observers  in  possession  of  much  more  powerful 
instruments  of  research.  I  think  it  may  truthfully  be  said 
that  Professor  Vogel  has  always  obtained  frdm  his  instru- 
ments the  utmost  that  they  were  capable  of  yielding  to  him. 

Many  honors  have  been  conferred  upon  Professor  Vogel, 
but  I  have  been  unable  to  obtain  a  list  of  these.  The  gold 
medal  of  the  Royal  Astronomical  Society  was  conferred  upon 
him  in  1893  for  his  **  spectroscopic  and  other  astronomical 
observations.''  Professor  Vogel 's  published  writings  show 
him  to  be  not  only  a  keen  observer,  but  also  a  man  of  rare 
judgment.  His  activity  has  led  him  into  nearly  every  field  of 
astronomical  spectroscopy,  not  in  a  haphazard  way,  for  we 
recognize  in  periLsing  his  writings,  that  they  are  the  products 
of  a  master  mind. 

I  triLst  that  this  short,  and  I  fear  very  inadequate,  outline 
of  the  scientific  activity  of  our  medalist  has  been  suflScient  to 
show  you  the  wisdom  of  your  Board  of  Directors  in  selecting 
Professor  Vogel,  for  this  signal  honor,  from  the  list  of  emi- 
nent astronomers  sent  by  the  directors  of  the  nominating  ob- 
serv'atories. 

As  San  Francisco  is  far  i-emoved  from  the  older  centers 
oi  scientific  activity,  we  have  not  yet  been  fortunate  enough 
to  have  one  of  the  Bruce  ^ledalists  with  us.  In  the  absence 
of  Doctor  Vogel,  I  hand  to  you,  Mr.  Secretary,  this  medal,  a 
mark  of  the  highest  distinction  tliat  it  is  possible  for  this 
Society  to  bestow  upon  any  astronomer,  for  transmission  to  the 
person  whose  name  \u\s  been  engraved  upon  it.  You  will 
kindly  send  with  it  the  greetings  of  the  members  of  the  Astro- 
nomical Society  of  the  Pacific,  and  especially  of  its  Board  of 
Directors,  and  our  earnest  wish  that  his  life  may  be  spared 
for  many  years  in  order  that  he  may  enjoy  in  the  evening  of 
life  the  well-on rned  fruits  of  great  scientific  activity. 

^larch  31.  1906. 
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THE  NEBULAR  HYPOTHESIS.' 

By  R.  (J.  AiTKEN. 

The  general  consensus  of  opinion  for  more  than  a 
tury  has  been  that  our  Sun  and  its  system  developed  into 
its  present  fonn  from  an  earlier  nebular  state.  In  fact,  the 
harmonious  relations,  independent  of  gravitation,  that  are 
actually  observed  in  the  planetary  system  point  iucontnv 
vertibly  to  a  common  origin,  and  that  this  primitive  form  was 
a  nebula  is  postulated  by  all  theories.  Even  the  meteoritic 
hypothesis,  with  which  Ixickyer's  name  i.s  identified,  doea 
not  oontradiist  this  assumption,  for  the  aggregation  of  me- 
ti^orites  from  which  he  derives  the  sj"stem  must,  dynamically 
at  least,  be  identical  with  a  nebula,  as  Darwin  has  proved. 
The  various  theories  differ,  however,  quite  ratlically  as  to  the 
primitive  form  and  physieal  conditions  of  the  nebula  and  as  to 
the  processes  of  development  into  the  present  planetajy  system. 
Our  immediate  concern  is  with  the  specific  theory  advanced 
Lapuce  in  1796,  and  in  more  elaborate  form  in  1808,— a 
theorj'  that  has  been  characterized  as  "perhaps  the  most 
iK-autifnl  and  faacinatinp  and  one  of  the  boldest  .speculations 
ever  offered  in  any  science,"  and  one  that  has  profoundly  in- 
luenced  tJie  progress  of  thought  in  the  nineteenth  century. 
Laplace  assumed  a  nebula  of  intensely  heated  gas  which 
the  influence  of  gravitation  had  become  approximately 
spheroidal  in  fonn  and  rotated  slowly  upon  an  axis  practically 
like  a  solid  body,— the  outer  portion,  Uiat  is,  moving  more 
rapidly  than  the  inner  parts.  This  nebula,  extending  far 
beyond  the  orbit  of  the  outermost  planet  and  subject  prac- 
tically to  the  action  of  no  external  forces,  gradually  contracted 
by  ita  own  gravitation,  the  angular  rotatory  velocity  necessar- 

'  TbU  article  Is  s  portion  of  u  lecture  dellTered  before  the  clasa  In  modern  astron- 
omv  Ht  the  Unlvemlty  o(  California  □□  March  17. 190<.  It  In  here  printed  beciuse  It 
coDMlusftbrief  resume  of  recent  tmiiortantartlalea  b)- PTofeiMora  CbaHBbULIN  aaH 
Hoi7i.T(»i  questiODlnic  the  validity  of  the  Laplaclan  theory  ot  planetary  eialuilon. 
uid  ouillDlng  a  BDbsiltute  based  uirao  the  aitaumptioD  of  3,0  orlirlnal  splrnl  Debula. 
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iiy  increasing  and  the  polar  diameter  diminishing  as  it  con- 
tracted, until  the  centrifugal  forces  at  its  boundary  balanced 
the  attraction  of  the  central  mass.  Then  an  equatorial  ring 
was  abandoned,  the  rest  of  the  matter  continuing  to  contract. 
By  successive  repetitions  of  this  process  other  rings  were  left 
behind,  and  these  rings,  being  in  general  in  unstable  equilib- 
rium, could  not  maintain  themselves  as  rings,  but,  slowly  col- 
lecting, eventually  formed  the  nearly  spherical  masses  of  the 
planets.  These  in  turn,  or  at  least  some  of  them,  by  similar  pro- 
cesses abandoned  rings,  which  in  time  became  satellites. 

In  this  .specific  form  the  theory  commanded  immediate  and 
ajmost  universal  acceptance.  Difficulties  indeed  it  encountered 
at  once,  and  in  course  of  time  various  modifications  were  sug- 
gested, and  moiv  or  less  approved,  to  account  for  the  observed 
fi»cts  that  were  inconsistent  with  Lapi-Ace's  formulation.  For 
example,  the  retrograde  motion  of  the  satellites  of  Uramis  and 
Neptune  and  the  rapid  motion  of  the  inner  satellite  of  Mars 
were  anomalies  that  demanded  explanation.  Again,  it  was 
evident,  when  the  mechanical  equivalent  of  heat  was  discov- 
ered and  the  principle  of  the  conservation  of  energy  estab- 
lished, that  the  high  initial  temperature  assumed  by  Laplace 
was  not  essential.  The  potential  energy  of  the  separated  par- 
ticles of  the  nebula  would  afford  a  sufficient  explanation  of 
the  present  temperature  of  the  Sun. 

But  though  beset  by  difficulties  and  subject  to  modification 
in  various  details,  the  hypotbesis  in  its  essential  features  held 
its  plae(^  throughout  the  century.  It  was  accepted  by  men  like 
IIki.miioltz,  Kelvin,  Newcomb,  and  Darwin,  and  was  taken 
as  th(^  basis  of  all  the  calculations  that  have  so  far  been  made 
as  to  tlh^  age  of  the  Sun,  the  amount  of  the  Sun's  heat  and 
radiation,  and  the  probable  duration  of  the  system  in  its  pres- 
ent form,  calculations  obviously  of  the  most  fundamental 
iniportanee  in  geology  as  well  as  astronomy. 

The  eritics  of  the  theory,  however,  gradually  multiplied  and 
bionjilit  forward  ever  stronger  facts  and  arguments  for  its 
ov<M'thn)w.  .More  than  fortv  vears  ago  M.  Babinet  showed 
that  when  the  nebula  filled  the  oibit  of  Xepfune  more  than 
27,(H)<)  eenturi<^  would  have  been  needeil  for  a  single  revolu- 
tion, and  that  even  when  the  central  mass  had  contracted  to 
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the  size  of  the  Earth's  orbit  it  must  still  have  taken  3,181  yeai-s. 
With  such  slow  motion  th^  centrifugal  forces  would  never  have 
overbalanced  the  central  attraction  and  no  rin;K  eyuld  have 
bi-eii  Hbantloned. 

A  few  years  lati'r  {18()4)  KiKKWiHin  slmwi'd.  fmiLi  ihe 
i.-xtreine  tenuity  of  the  original  muss,  that  it  cmUd  have  pos- 
st««d  no  power  of  resistance  to  the  slightest  strain.  Hence 
the  surface  of  the  nebula  would  have  been  in  continual  proeefw 
of  disintegration,— that  is,  matter  would  have  been  abandimed 
by  the  nebula  continuously  aud  not  in  rings  occasionaliy. 

Of  late  years  the  development  of  the  kinetic  theory  of  gases 
has  been  the  source  of  fa'sh  Hrgumcnts  against  Laplace's 
hypothesis.        , 

Perhaps  the  strongest  suinniai-y  of  nil  the,  objections  to 
the  theory  that  have  so  far  appeared  is  to  be  found  in  the 
papers  of  Professors  CnAMBERl.m  and  Moulton  in  recent 
numbers  of  the  Asliophysirul  Journol,  th^  Journal  of  Geology, 
and  the  year-books  of  the  Carnegie  Institution. 

DonbtK  first  arose  in  the  minds  of  these  investigatoi-s  aa 
to  whether  the  attractive  foree     of  the  Earth-Moon  nebular 
ring  would  be  sufficient  to  prevent  the  lighter  gases,    such  as 
hydragen  and  helium,  from  escaping  into  onter  space.  Reason- 
ing fn'UJ  the  kinetic  theorj'  of  gas<?s  and  the  molecular  veloc- 
ities estnblishe<l  by  experiment,     they  concluded  that  it  was 
\-K\y  doubtful  whether  any  matter,  even  that  having  the  lowest 
moleeuiar  activity,  could  have  been  retained  by  such  a  ring. 
They  werfi  then  led  to  examine  the  whole  theory  critically  and 
to  test  its  various  assumptions    by  an  appeal  to  known  me- 
chanical laws, 
^r      To  give  the  theory  every  benefit  in  this  investigation,  the 
^nperial  assiunptions  of  LAi'MCR  as  to  temperature  and  physical 
^H^ditiou  of  the  original  nebula  were  disregarded     and  the 
^^Ateor}'  taken  onl.v  in  its  broadest  outlines,— namely,  that  tbe 
Bbntter    now  in  the  solar  system     was  once  in  a    gaseous  or 
nieteoroidal  state  and  then  fille*!  ,\>/)/»»c's  orbit    and  formed 
a  spheroidal-shaped  mass.     If  the  matter  was  in  the  gaseous 
Bthte,  the  only  further  enndition  imposed     is  that  it  was  in 
^^ydrodynamic  equilibrium,  rotating  practically  as  a  solid  with 
^Hb  angular  velocity  equal  to  that  of  our  planet  Srplunv.    If 
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the  matter  was  met«oroidaI  iu  its  comlilion,  then  it  is  assumed 
that  the  assemblage  of  meteoroida  behaved  sensibly  like  a  nias! 
of  gas,  an  assumption  that  Darwin  has  shon'n  to  be  valid.  In 
either  case  the  primitive  mass  was  a  splieroidal  nebula.  This 
nobiila  was  not  subject  to  tbe  action  of  ajjy  external  forces, 
but  contracted  under  its  own  gravitation,  and  as  it  did  so  it 
either  left  off  successive  rings  or  divided  by  some  fia 
process,  and  tbe  detached  masses  collected  and  formed  pla 
and  satellites. 

Even  in  these  broad  outlines,  Messrs.  Chamberun 
M0UI.TON  find  it  impossible  to  uphold  the  theory.  The 
jections  they  raise  to  it  are  classed  in  three  categories :  I.  C 
parison  of  observed  phenomena  with  those  which  would  re 
from  the  expressed  or  implied  ctmditions  maintained  by 
hj-pothesis;  II.  Answers  to  the  iiucstion  whether  the  suppt 
initial  conditions  conld  have  developed  into  the  existing  system 
III,  Comparison  of  those  properties  of  the  supposed  initil 
system  with  the  one  now  existing  which  are  invariant  under  « 
changes  resulting  from  the  action  of  internal  forces. 

Into  the  first  category  fall  such  anomalies  as  the  high  u 
clinatiou  of  the  orbits  of  TIraiius  and  Neptune,  which  hat 
been  already  mentioned,  and  the  fact  that  Mercury  depail 
more  from  the  average  inclination  of  the  planetary  systei 
than  any  other  planet,  whereas  by  the  theory  the  planes  c 
the  planets'  orbits  ought  to  be  more  nearly  coincident  l 
we  approach  the  Run. 

ITie.  rapid  revolution  of  Phobos  relatively  to  the  mtatio 
lime  o^Mars,  which  has  been  noted  above,  is  also  brougi 
forward  under  this  bead.  This  anomaly  was  ingenioiisly  aa 
comited  for  by  O.  H.  Darwin,  who  i-ea.soned  that  as  the  solar 
ti<lal  fi-iotiou  would  sei-ve  to  retard  the  planet's  rotation  with- 
out affecting  tbe  satellite's  orbital  motion,  it  might  well  be  that, 
the  revolution  period  of  Phobos  represented  the  rotation 
of  -Wars  at  the  time  the  Phobos  ring  of  matter  was 
by  the  planet.  Accepting  thU  explanation,  Dr.  Moui.i 
^ows  that  a  still  more  serious  difficulty  of  the  same  kind 
found  in  the  motion  of  the  inner  ring  of  Saturn,  for  this  rii 
revolves  nearly  twic«  as  fast  as  the  planet  rotates,  and 
Siitwrn's  distjince  from  the   Sun  the  solar  tides  are  so  feel 
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and  ineffective  tliat  it  would  require  several  thousand  times  aa 
miiny  years  to  produce  the  present  relation  between  the  two 
uotioDs  in  the  Satumian  ^stem  as  that  between  the  motions 
01  Mars  and  Phoboa. 

Another  strong  objection  falling  into  this  category  is 
founded  upon  the  distribution  of  otasa  in  the  solar  stystera.  On 
the  assumption  of  anything  like  homo^neity  in  the  original 
nebular  mass,  the  densities  of  the  successive  planetary  rin^ 
ought  to  be  approximately  the  same.  or.  if  the  primitive  nebula 
grew  denser  towards  its  center  under  the  pressure  of  its  own 
gravitation  only,  the  planetary  rings  ought  to  increase  in 
dtnsity  with  a  certain  degree  of  i-egularity  as  we  approach 
the  Sun,  Aasuming  that  each  planet  was  formed  from  a  ring 
extending  halfway  to  the  two  adjacent  planets,  we  can  calcu- 
late the  density  of  these  rings.  Making  this  calculation,  and 
takin>^  the  density  of  the  Earth-Moon  ring  as  unity,  we  find  :— 
Mercury 0.015  Jupiter    0.609 

I             Venus 1.010          Saturn    0.028 
■           Earth 1.000    *      Uranus    0.0012 
I          Mars O.OO:}          Neptune    0.0008 
IThis  argues  a  degree  of  hrtorogeneity  in  the  original  nebula 
that  seems  decidedly  at  variance  with  the  fonditions  assumed 
hy  the  Laplacian  hypothesis. 

The  first  two  ai^uments  advanced  in  the  second  category 
we  have  already  touched  upon,— namely,  first,  that  on  the 
kinetic  theory  of  gases  the  lighter  ga.sea  would  in  all  prob- 
ability have  escaped  from  the  original  nebula,  and  all  the 
atmospheric  gases  and  water-vapor  would  certainly  have  been 
,  hist  by  the  Earth-Moon  ring,  for  its  gravitative  eontrol  would 
huve  been  far  less  than  that  of  the  Moon  at  present,  and  this 
has  practically  neither  water  nor  atmosphere ;  second,  that  in 
it*  original  volume  the  solar  nebula  must  have  been  so  extreme- 
ly tcHUons  (on  assumptions  that  make  the  value  too  great,  the 
density  was  found  to  be  only  l-191,OiX).000.00(l  that  of  water) 
that  its  separate  particles,  under  the  conditions  postulated  by 
the  theory,  could  have  had  no  appreciable  cohesion,  especially 
;it  the  surface,  and  that  hence  the  matter  would  have  been  left 
behind  continuously  from  the  l>eginning  of  the  process  of  con- 
traction and  no  rings  could  have  been  formed.  Bnt  as.suming 
that  the  gases  did  not  escape,  and  that  rings  wei-e  formed,  could 
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the  rings  contract  into  planets?  The  answer  is  that  they 
C(mld  not.  It  is  shown  that  the  probabilities  of  the  union  of 
even  the  largest  bodies  tliat  could  be  supposed  to  exist  in  a 
planetary  ring  would  be  very  slight  indeed,  and  that  even  in 
the  event  that  the  greater  part  of  the  matter  of  a  ring  should 
bo  concentrated  into  a  roughly  spherical  mass,  the  planet  could 
not  complete  itself  by  gathering  up  the  remaining  matter  of 
the  ring. 

The  objections  so  far  raised  are  serious  enough,  but 
when  to  them  is  added  the  one  advanced  in  the  third  cate- 
gory the  fundamental  assiunptions  of  Laplace's  hypothesis 
are  seen  to  be  invalid,  and  practically  nothing  is  left  of  his 
theory  except  the  very  general  conclusion  that  our  present 
syst<?m  originatixl  in  a  nebula.  This  final  argument  is  based 
on  the  theorem  in  mechanics  which  says  that  the  moment  of 
momentum  of  a  system  of  particles  undisturbed  by  external 
forces  remains  constant,  no  matter  what  changes  may  result 
within  the  s>'stem  in  consequence  of  the  action  of  internal 
forces.  By  ** moment  of  momentum**  we  mean  the  product 
of  the  masses  of  all  the  particles  multiplied  by  their  veloci- 
ties and  by  their  perpendicular  distance  from  the  axis  of 
the  s\'steni ;  and  this  product  is  always  the  same,  no  matter 
lu)W  the  pai'tieU^  may  rearrange  themselves,  provided  the 
system  is  not  distnibed  by  external  forces. 

It  follows  that  the  moment  of  momentum  of  the  present 
s(>lar  system  must  be  the  siime  as  that  possessed  by  the  original 
nebula.  The  i)resent  moment  of  momentum  can  be  civlculated 
with  a  high  degree  of  accuracy.  To  calculate  that  of  the 
original  nebula,  assume  that  it  extended  only  tx)  the  orbit  nf 
}septunc,  not  beyond  it,  that  it  was  si)herical  instead  of 
spheroida',  and  that  its  density  followed  the  law  developed 
by  Lane,  Kittkh,  Hill,  Darwin,  Lord  Kelvin,  and  othei-s. 
Thes(»  assumptions  are  all  favorable  to  the  Laplacian  hypothe- 
sis; but  when  the  (calculations  are  made  it  is  found  that  the 
moment  of  momentum  of  the  original  system  must  have  btH»n 
fully  213  tinier  as  great  as  that  of  the  system  as  it  exists  at 
presvnt.  And,  further,  it  appeal's  that  this  ratio  was  not  even 
constant  during  thi^  process  of  solar  evolution.  For  when  the 
nebula  had  shrunk  to  Jupift  r\s  orbit  it  was  140  to  1,  when  the 
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erntrol  mass  was  ctnifincd  witliiu  the  Earth's  orbit  tho  ratio 
was  120S  to  1,  and  at  the  Jli-reurial  stage  754  to  1.  Such 
variations  preeluile  the  possibility  of  systematic  errors  of 
[iputatioii,  while  the  anioiiut  of  the  discrepancy  cannot  be 
icounted  for  by  any  error  in  the  aasumed  law  of  density  or 
hy  the  approximations  used  to  sihorteu  the  numerical  process, 
but,  in  Moultiin's  words,  "it  points  to  a  mode  of  develop- 
iiipnt  quite  different  from,  and  much  more  compHejited  than, 
that  postulated  in  the  nebular  theory  under  discussion." 

LBut  if  the  liflpiacian  nebula  ia  thus  eliminated,  what  \s  to 
e  its  place  as  primal  ancesrtor  nf  our  Sun? 

An  answer  has  been  giveu  to  thia  question  witliin  tlie  past 
few  months,  and  while  it  is  at  present  only  advanced  tentar 
tively,  it  seems  to  meet  the  requirenients  so  fully  as  to  entitle 
it  to  a  high  degree  nf  coafidence. 

The  spectroscope  has  shown  that  the  green  nebulte,  which 
ii!chide  tlK»e  st^ellar  and  planetarj'  forma  which  Hbbschel 
thought  to  be  next  to  the  last  stage  of  the  genetic  pi-ocess  by 
which  irregular  nehnl«'  become  stars,  and  which  afforded 
U\P1ACE  types  of  the  primal  solar  nebula,  consist  largely 
nf  hydro^n,  helium,  and  nchulium,  with  traces  of  a  few  other 
iion-metallic  elements,,  all  in  the  gaseous,  or  free  molecular 
state.    No  traces  of  metals  are  to  he  found  in  them. 

The  white  nebula',  on  the  other  hand,  give  continuous  spec- 
tra, and  this  is  generally  interpreted  to  mean  that  the  lumin- 
ous matt<;r  composing  them  is  in  the  solid  or  liquid  stale,  or 
f!aseous  under  high  pressure,— that  the  nuileeulee,  in  other 
wonls,  are  in  the  aggregated  state  in  distinction  to  the  free 
state  found  in  the  green  nebula'.  It  is  pi-obable  that  the  mat- 
ter is  in  the  solid  state,  but  very  finely  divided,  for  the  im- 
mense volume,  and  the  extreme  tenuity  seem  conclusive  argu- 
tuent^  against  the  liquid  form.  What  the  chemical  composi- 
tion of  these  molecules  ia  tile  spectroscope  does  not  reveal  to  us. 
'  Now,  the  white  nebuliP  include  ail  the  great  spirals,  and 
the  work  done  by  Professor  KEELKBwith  the  Crossley  reflertor 
(i  the  Lick  Observatory  pwves  that  the  nebulie  are  Hot  only 
far  more  numerous  than  had  hitherto  been  supposed  (Pro- 
fessor Keei-er  estimated  the  number  at  mil  loss  than  120.CX)0) 
but  that  the  typieal  nebular  form  it*  the  spiral. 
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The  significance  of  Professor  Keelex's  work  cannot  be 

better  stated  than  in  his  own  words.    He  says: — 

"While  I  must  leave  to  others  an  estimate  of  the  importance  of 
these  conclusions,  it  seems  to  me  that  they  have  a  very  direct  bearing 
on  many,  if  not  all,  questions  concerning  the  cosmogony.  If,  for  ex- 
ample, the  spiral  is  the  form  normally  assumed  by  a  contracting 
nebulous  mass,  the  idea  at  once  suggests  itself  that  the  solar  system 
has  been  evolved  from  a  spiral  nebula,  while  the  photographs  show  that 
the  spiral  nebula  is  not  as  a  rule,  characterized  by  the  simplicity 
attributed  to  the  contracting  mass  in  the  nebular  hypothesis." 

This  suggestion  of  Professor  Keeleb's  has  been  taken  up 
by  Professors  Chamberun  and  Moulton,  who  have  endeav- 
ored to  develop  an  adequate  theory  of  solar  evolution  from 
a  spiral  nebula. 

The  very  appearance  of  such  nebulae  is  suggestive.  Their 
most  significant  feature  is  the  presence  of  two  dominant  arms 
arising  from  opposite  sides  of  the  central  mass.  They  are 
disklike,  and  the  matter  contained  in  them  is  obviously  very 
irregularly  distributed,  just  as  it  is  in  our  system.  In  fact, 
everything  seems  to  indicate  that  they  are  governed  by  some 
system  of  combined  kinetic  energy  and  gravitation,  which 
while  exercising  a  general  control  of  the  whole,  permits  inde- 
pendence of  its  parts. 

A  spiral  nebula,  however,  seems  to  show  that  it  is  not  an 
original  form,  but  that  it  was  developed  from  some  antecedent 
body.  Naturally,  we  cannot  go  back  from  form  to  form  in 
our  search  for  the  ultimate  origin  of  matter;  but  it  is  interest- 
ing  to  note  that  a  spiral  nebula  might  have  been  formed  from 
an  antecedent  sun  by  processes  not  unlikely  to  be  realized 
among  the  stars.  The  collision  of  two  suns,  for  example,  is 
not  impassible,  and  the  passage  of  two  suns  within  relatively 
small  distances  of  each  other  is  far  from  being  an  improbable 
event. 

Now,  our  Sun,  as  we  learn  from  observation,  is  the  seat 
of  violent  activities.  Prominences  or  protuberances  are  shot 
out  thousands  of  miles  above  its  surface  with  velocities  some- 
times as  great  as  300  miles  per  second.  Only  the  enormous 
gravitative  power  residing  in  the  Sun  could  balance  the  ex- 
pansive potency  of  these  elastic  forces.  But  let  another  body— 
a  larger  sun— make  a  clase  approach  to  our  Sun;  then,  on  the 
principle  of  tidal  forces,  gravity  would  be  relieved  along  the 
line  of  mutual  attraction,  and  two  exceptional  protuberances 
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on  opposite  sides  would  arise,  couverting  the  Sun  into  a.  two- 
branched  spiral.  The  two  suua  would  swing  about  each  other 
in  sharp  curves  and  the  protuberances  being  differentially 
affected  by  the  attraetion  of  the  companion  sun  would  move  in 
different  cur\-e8.  and  thua  rotatory  motion  would  be  initiated. 

To  account  for  our  planetary  system  it  is  unncceasary  to 
assume  that  the  antecedent  suu  was  entirely  .disrupted;  it 
would  be  amply  sufficient  if  under  the  influence  of  such  a 
disruptive  approach  as  that  outlined  only  one  or  two  per  cent 
01  its  niaiH  were  dispersed  in  this  manner,  for  the  combined 
iirass  of  the  planets  is  only  about  one  seven-hundredth  that 
of  the  Sun. 

But  in  the  case  of  such  a  disruptive  approach  it  is  hardly 
poasible  that  there  would  be  only  one  outburst  from  the 
Sun.  It  is  practically  eei'tain,  on  the  contrary,  that  as  the 
Sun  was  more  and  more  affected  by  the  differential  attrac- 
tion of  its  companion,  and  as  the  directions  of  attraction 
varied  with  the -relative  motion  of  tiie  two  bodies,  there 
woiild  be  a  succession  of  outbursts  more  or  less  pulsatory  in 
character,  resulting  in  two  irregularly  divided  arms,  along 
which  the  matter  ejected  would  be  distributed  in  larger  or 
smaller  knots  connected  by  tlie  more  widely  dispersed  matenal. 
These  knotty  masses  in  turn  would  probably  possess  more  or 
k-SB  rotatory  motion,  and  the  outer  ones,  being  fonned  from 
the  surface  material  of  the  Sun,  would  have  a  lower  specific 
gravity  than  the  inner  ones  which  would  originate  from  the 
lower  depths. 

*"Ii  is  thus  conceived  [says  Professor  CHAMBeiaiN]  that  a  spiral 
nebula,  having  two  dominant  arms  opposite  one  another,  each  knotty 
from  irregrular  pulsations  and  rotatory,  ihe  knots  probably  also  rotatory, 
and  attended  by  subordinate  knots  and  whirls,  together  with  a  general 
scattering  of  the  larger  part  of  the  mass  in  irregular  nebulous  form, 
would  arise  from  the  simple  event  of  a  disruptive  approach. 

"The  ejected  mailer  at  the  outset  must  have  been  in  the  free 
molecular  state,  since,  by  the  terms  of  the  hypothesis,  it  arose  from  a 
gaseous  body;  but  the  vast  dispersion  and  the  enormous  surface 
exposed  to  radiation  doubtless  quickly  reduced  the  more  refractory 
portions  to  the  liquid  and  solid  state,  attended  by  some  degree  of 
aggregation  into  small  accretions;  Hence  the  continuous  spectrum 
which  this  class  of  nebulx  presents." 

Of  course,  this  is  only  one  way  out  of  many  in  which  a 
w  qiiral  nebula  might  be  fonned,  and  the  further  elaboration  of 
tte  theory  does  not  all  depend  upon  tliis  particular  genetic 
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history.  It  is  sufficient  to  show  that  a  spiral  nebula  might 
originate  from  a  piwiously  existinpr  sun  by  a  series  of  events 
not  impossible  and  perhaps  not  unlikely  to  happen. 

Assumintr,  then,  a  spiral  nebula  as  our  initial  form,  we 
note  at  once  three  conspicuous  elements:  (1)  the  central  mass, 
obviously  the  future  sun;  (2)  the  knots  on  the  amis,  the  nuclei 
of  the  planets;  and  (3)  the  diffuse  matter,  material  for  the 
growth  of  sun  and  planets.  In  the  parent  nebula  of  our  own 
system  the  central  mass  must  be  assumed  very  great  relatively, 
the  knots  to  ])e  irregular  in  size  and  placed  at  irregular  dis- 
tances from  the  center,  and  the  mass  of  diffused  matter  to 
bo  very  small  compared  to  the  central  mass,  but  probably  quite 
large  as  compared  with  the  knots. 

What  will  be  the  properties  of  a  system  formed  from 
such  a  nebula?  As  developed  by  Dr.  MiOULTON,  they  are  as 
follows:  — 

(1)  The  planets  will  all  revolve  in  the  same  direction  and 
in  neiU'ly  the  same  plane; 

(2)  The  sun  will  rotate  in  tliis  same  direction,  and  will 
have  an  equatorial  acceleration; 

(3)  The  more  the  planets  grow  the  moi-e  nearly  circular 
will  their  orbits  bcH'oiiie; 

(4)     Tlu^  i)lnnets  will  rotate  in  a  forward  direction  and 
nearly  in  the  i)lane  of  the  orbit; 

(5)  Tli(^  more  a  planet  grows,  the  more  rapidly  will  it 
rotate ; 

(f))  A  y)lan('t  may  at  first  have  many  satellite  nuclei,  re- 
volving in  a7iy  direction,  hut  the  scattered  material,  acting  a-s 
a  rclai'ding  medinni,  will  tend  to  drive  all  those  nuclei  not 
moving  forward  in  the  general  plane  of  the  system  down  upon 
their  prima 7\v ; 

(7)  The  seatteT'ed  material  will  develop  and  preserve  cir- 
cularity in  satellite*  or])its  having  dinn^t  or  forward  motion 
of  revolution,  hut'  will  tend  to  make  considerably  eccentric 
tlie  orbits  of  thosi*  in  retrograde  motion: 

(8)  A  satellite  may  revolve  more  rapidly  than  its  primary 
rotates; 

(9)  Tlie  system  may  have  many  planetoids  (or  astei'oids) 
of  interlocking  orbits;  the  orl)its  of  these  bodit^  will  l)e  likely 
to  pT'esent  iinieli  gi-(*at(M'  deviations  from  the  general  plane  of 
the  system  tlian  tliosc^of  the  larger  planet>s; 
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(10)  Tin?  aiiialler  phiiicts  will  bi-  cuol  and  dfinse,  the  large 
ones  hot  nnd  tenuous; 

(H)  The  greater  part  of  i\u'  mass  will  bo  found  in  the 
central  Sun,  but  the  greater  part  of  the  moment  of  momentum 
will  belong  to  the  planets. 

Clearly,  if  a  system  possessiufr  these  properties  can  be 
sliowD  to  follow  neeesaarily  from  the  assumed  spiral  nebula, 
or  even  if,  by  reasoning  based  on  known  mechanical  and 
inathematieal  principles,  it  can  be  logically  deduced  from 
sr.ch  an  initial  state,  there  can  be  no  question  about  the  stand- 
ing of  the  theory.  For  it  explains  very  nearly  all  the  obsei-ved 
relations  in  the  solar  system  and  Ls  contradicted  by  none. 

It  would  take  us  too  far  to  follow  tJie  details  of  the  argu- 
ir.ents  t.bat  have  been  presented  in  pn>of  of  the  theorj'.  but  it 
jimst  be  said  that  they  seem  to  be  entitled  to  great  weight. 
The  propounders  of  the  theory  do  not  claim  that  they  have  as 
yet  brought  foi-ward  enough  evidence  fully  to  establish  it;  in 
fact,  tliey  distinctly  state  that  tl>ey  are  devising  farther  tests 
to  apply  to  it  and  are  investigating  as  fully  as  possible  oil 
the  direct  and  indirect  eouse(|uencea  likely  to  follow  from 
the  assumptions  they  have  made.  The  cridenee  they  present 
makes  it  already  a  gootl  working  hypothesis,  for  it  explains 
a'i  much  as  did  the  ring  theory  of  ]jftit.\CE,  and  also  those 
jihenomena  that  contradicted  the"  latter,  and  nothing  has  yet 
iMi-en  found  to  .seriously  question  its  validity. 

Professor  Ciiamberlin,  who  is  more  interested  in  the  geo- 
logical bearings  of  the  theory,  thinks  it  affords  a  I'ational 
explanation  of  the  development  of  the  EJarth  "s  atmosphere  and 
hydntsphere  and  of  the  distribution  of  land  and  water,  as  well 
a.<  of  the  phenomcuB  of  glaciation  and  vuleanism.  of  the  car- 
boniferous era,  and  of  other  difSeult  questions  that  beset  the 
inrjuiries  of  geologists. 

The  most  interesting  contribution  of  the  tiieor>',  however, 
ia.  as  Professor  Moulton  intimates,  to  the  general  philosophy 
of  nature,  for  it  shows  important  tendencies  toward  a  dis- 
persion of  matter  as  well  as  toward  its  aggregation,  and  thus 
points  to  a  eyelieal  character  in  the  evolution  of  celestial 
bodies.  The  fundamental  question  that  must  be  answered 
before  we  can  fully  accept  the  theory  is.  What  is  the  source 
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of  the  energy  necessary  to  maintain  any  system  through  such 
an  endless  cycle  of  changes?  A  few  years  ago  not  even  the 
hint  of  an  answer  would  have  been  forthcoming,  but  the 
recent  revolutionary  discoveries  of  chemists  and  physicists  as 
to  the  constitution  of  matter  suggest  the  idea  that  the  internal 
energies  of  the  atoms,  especially  under  such  conditions  aa  those 
existing  in  the  Sun  or  a  star,  will  prove  adequate  to  all  the 
requirements. 
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^-  { %  i. 

26: 

=  a. 

Mar.  2 

I  step  >  a'l 

Nov.  18:    =:a. 

May    5 

:     -d. 

27:     I  step  >  a. 

• 

(<d. 
(>e. 

30:    =a. 

•^3- 

Dec.  16 :    id. 

25' 

—  e. 

'H>i- 

Aug.  6 

I  step  <  e. 

II : 

<e. 

26:    id. 

17: 

id. 

31 :    id. 

20: 

id. 

5  Urs 

(B  Majoris} 

Jan.     I : 

5"  =  e. 

Feb.    2 :    id. 

5: 

I  step  >  d. 

12:    id. 

7: 

-d. 

26 :    2  steps  <  e 

10: 

2  steps  >  d. 

Mar.  2:    id. 

12: 

-d. 

24 :     I  step  >  f '. 

13": 

I  step  >  d, 

Apr.    I :    =  f . 

22: 

2  steps  ">  d. 

31: 

-d. 

1  Vide  the  sketch  in  the  FubKcati^ns  A.  S.  P..  No.  ioo,  pag^  16. 
^  ytde  the  sketch  in  Ihc  /^iblicalions  K.  ?».  ?m  ^o.  u^  v*«e  ^ 
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Apr.   8 :    =  g. 

Sept.  15:    2Slcps  >  d. 

10:     id. 

17'    id. 

22 :    id.. 

21 :     I  step  >  d. 

29 :     invisible. 

in'\  <^' 

May    5:    very  faint.* 

3^-|>e. 

13:     invisible. 

Oct.    9:     — :e. 

25:     <g- 

15:    2  steps  <  e. 

June   8 :    =  f . 

19 :    2  steps  >  f . 

II. 5>^- 

28:     =f. 

Nov.io:  j^  I' 

18 :     I  step  <  g. 

July  19 :     =  d. 

24 :  . id. 

-^■Mt 

27 :     id. 

30 :     id. 

Aug.  11:    3  steps  >  d. 

Dec.  16:     invisible. 

15:    id. 

18:     id. 

19:     id. 

26:     =g. 

21 :     I  step  >  d. 

31:     id. 

24 :     3  steps-  >  d. 

T  Urs 

(B  Majoris.^ 

Jan.     I :     T  <  g. 

Aug.  1 1 :     invisible. 

7:     istep<g. 

15:     id. 

10:     =f. 

19:     id. 

-!$:-. 

21 :     id. 
24:     id. 

13:     id. 

Sept.  17:     <g. 

22 :     I  step  >  e. 

21 :     id. 

31 :     —  c. 

^■ir. 

Feb..   2 :     i  step  >  b. 

12:     I  step  >  a. 

Oc..%:{>5; 

26 :    3  steps  >  a. 

Mar.  2 :    5  steps  >  a. 

15:      =:d. 

24 :     2  steps  >  a. 

19 :     I  step  >  c. 

Apr.    I :     =  a. 

^^{^b! 

3=i>b. 

Nov.  10 :     id. 

10:    id. 

18:     I  step  >  b. 

-!$J; 

24 :     id. 
27:          b. 

22 :     =  c. 

30 :     id. 

29 :    —  d. 
May     5:{^f- 

Dec.  16:  {<  J; 
18  i     id. 

Mn 

25:     =g. 

31 :     id. 

*  y/dr  the  sketch  in  the  Publtcations  A.  S.  P.,  No.  22,  page  63. 
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W  . 

Pegasx} 

Jan. 

I 

:     Wz=i. 

Sept.  17:     id. 

7 

:    id. 

30 :     id. 

10 

:    id. 

Oct      I :     =  n. 

13: 

;    I  step  >  f . 

9:     id. 

22. 

^  e. 

15:     id. 

31: 

:    =d. 

28:     =g. 

Feb. 

2: 
12: 

2  steps  >  d. 
=  c. 

Nov.  10: 1^^* 

26: 

(<b. 

(>c. 

18:    nstep<f.' 
24 :     id. 

Aug 

.  6: 

invisible. 

2y :     id. 

19: 

id. 

30 :     id. 

21 : 

<  n  (a  lUr  i)e- 
tween  W 
and  A) 

Dec.  i6:{>f- 
t  <e. 

24:    id. 

26:     id. 

25 :    id. 

31 :    1  step  >  e. 

5*5  Cygnx} 

• 

Jan. 

*  I. 

.  6"  p.w.  <  f . 

Mayi3..ii>4    <  f. 

8>4    id. 

25..iiJ/i    id. 

7. 

lo. 

.  6M         f. 

6     i  3  steps  >  c. 
•  °     h  step  <  b. 

Juneio.  .I2J/<|  ^^■ 
July  19..  1 1        invisible. 

ey  1 2  steps  >  c. 
^  (  2  steps  <  b. 

Aug.  6..ifVS    I  step  >  e, 

IO..I2>^    >— g. 

12.  . 
22,  . 

g,/  f  I  step  >  c. 
°/'  1  3  steps  <  b. 

.  5^     I  step  <  c. 

^^^           (the  faint com- 

Oj4 — g"N  panion -star 

(  towards  east/ 

19.  .11        inyisiblc. 
20..  10        —  g.^, 
21 . .  10        <  g.    \ 

24..  II                     g.                V 

31.- 

6j/2    invisible. 

25..  10        id. 

Feb. 

2. . 
12. . 

8        =g. 
8>^     <g. 

Sept.i5..8^{>J; 

26. . 

8        —  b. 

17..  8J<J    id. 

Mar 

.   2. . 

"  w. 

^^••9     {$d. 

24.. 

8^    <g 

30..  81/J    =f. 

May 

5-. 

10 

'      -d. 

Oct.    1..  syi  =g. 

»  yide  the  sketch  in  the  Publications  A.  S.  P.,  No.  60,  page  23. 
^  Vide  the  sketch  in  the  Publications  A.  S.  P.,  No.  100,  page  18. 
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Oct.    9.. 


. .  8       <  g. 

Nov.  27. 

7 

I  step 

. .  6/,    id. 

30 

.■;« 

—  c. 

■■-\\t 

Dec.  16. 

s/. 

<i. 

18. 

6'/, 

<B. 

..  (>y>  =g. 

26. 

6 

id. 

■  ■  m   <  e- 

31. 

7 

=  K. 

..  i'A   =c. 

r  roriW  (B.D. +  2o'.io83). 

The  estimations  in  such  a  case,  where  one  of,  the  stars 

lis  red,  are  made  easier  by  drawing  out  the  ocular,  the  screw 

ftetng  given  one  turn.    Then  the  star  appears  as  a  great  disk. 

1  In  the  year  1905  this  red  star  has  shown  only  slight  fluctuations 

war  the  brightness  8".2  of  ihe  star  b  =  B.  D.  +  20". 1073. 


Ian.     I 

K  =  b. 

Oct.  28 

>b 

7 

id. 

Nov.  10 

>  b.  -is. 

13 

id. 

24 

=  b. 

22 

id. 

Dec.  .6 

>b 

Feb.    2 

id. 

■7 

a  little  >  b 

26 

<b. 

18 

id. 

Mar.  24 

a  little  <  b. 

26 

id. 

Apr.    I 

=  b 

31 

id. 

have  found  no  remarkable  fluetuations,  tie  star  being 
lost  stable  betweeu  lOm.4  and  lOm.6. 

FifEBBALLS, 

Several  years  ago  I  directed  attention  to  the  fact  that  lire- 
balls  may  be  expected  on  December  12th.  In  my  great  cata- 
logue on  meteors  from  1875-1905  this  date  recurs  eight 
times.     In  tbis  period  of  thirty-one  years  fireballs  appeared 

On  Dee.     9 1  year 

"     10 3     " 

"     11 4     " 

"     12 8     " 

"     13 4    " 

"     14 1     " 
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Shootino  Stars, 
As  usual,  in  the  period  August  9tli-12th  (.iirrespmiiling 
observations  were  arranged  for  from  stations  in  Denmark. 
At  six  stations  59  paths  of  shooting-st&rs  were  mapped,  bnt 
only  three  provetl  suitable  for  calculation.  These  three  meteors 
have  given  the  folliiwinn  results:  — 


FOR  OBSBKVATiON. 

No. 

'             Tim* 

Suiion. 

6tt\<mmK. 

EikUoc 

i      O^™. 

h    >n    t 

t 

Ribe 

°o  +  5°' 

355  +  47-5 

■i  ,  V.  DOH». 

Aug.  1 

.,oi7SOP.v..   j 

Kolding 

Slt?S 

( 

Aug.. 

.n.4  3o          J 

Odder 

J36  +  " 

Aug.  1 

Odder 

346  +  17 

3J8+    4 

I  1  r  KdHL. 

FOR  CAIjCULATION. 


kia' 

fcr-nin. 

E»ding 

Rc*l  Lcwh 
<i<  Ibe  Pub. 

RxlkU. 

1 

A         X         * 

A 

K 

^ 

^ 

AKDeei. 

I 

X 

3 

-  103    S  11    «  49 

'35     "    >     54  47 
95      '   i»      55  " 

70 
16S 
83 

Ik 
1 14 

.S5  3' 

54  50 

55  9 

60 
116 

In  all  cases  Ribe-Odder  has  bten  used.  As  in  the  first  case 
|.  the  end-point  of  the  path  was  observed  from  three  stations, 
t  two  other  combinations  might  have  been  used,  and  have  given 
[  the  following  results:— 

SUtloM.  *      -         A  ^ 

Kolding-Odder   70      2°  56'     55°  30' 

Ribe-Kolding    68      2    54     ^^    30 

if  i..i.J*.'"'!rfi,'*'','-"?''!;h,"""'"™-  »'»*«'lw>B»''d«trotnCop.nliaBen;  «iinDnb 
H  Htitudf .  *  It  ihe  BliilDde  ul  ibt  inrt«i(  ■hove  the  E»nli-»  lutficc. 
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PLANETARY  PHENOMENA  FOR  MAY  AND 

JUNE.  1906. 

By  Malcolm  McNeuj.. 

puase8  of  the  moon,    pacific  timk. 


First  Quarter,  Mav  1,  1  lb  Tm  A.  M. 
Full  Moon,  '■    8,    610    a.  M. 

Last  Quaitei',  "  H.  II  3  P.  M. 
New  Moon,  ■'  22,  12  1  A,  M, 
First  Quarter,    "  30,  10  24    P.  m, 


Full  Moon,  .Tune  6.  Ih  12n>  p.  » 
Lust  Quarter,  "  13,  11  34  a.  N 
New  Moon        "21,    3     6     P- H^I 

First  Quarter,  "  a»,    «    19     a 


k 


The  Sun  reaches  the  summer  solstiee  and  summer  beijina  J 
about  midnight  June  21st,  Pacific  time. 

Mercury  is  a  morning  star  on  May  1st,  rising  somewhat  I 
!c83  tlian  an  hour  before  aunrise.     It  reaches  greatest  west. I 
elongation  un  May  2d.  and  during  the  first  half  of  the  month  J 
the  interval  between  the  rising  of  the  planet  and  of  the  Sun-I 
remains  a  little  less  than  one  hour.  The  conditions  for  visibil-  I 
ity  are  not  good,  but  the  planet  may  possibly  be  seen  in  the 
morning  twilight  if  the  weather  conditions  are  especially  fav- 
orable.    This  greatest  e!«ugation   (26°  46')    is  much   larger 
than  the  average,  since  it  eomes  about  a  week  after  perihelion ; 
but  the  planet's  distance  south  nf  the  Sun  makes  the  interval 
between  the  rising  of  the  planet  and  the  Sun  rather  small. 
Mercury  reaches  superior  conjunction  and  becomes  an  evening 
star  on  June  8th.       It  then  moves  away  from  the  Sun,  ajid 
shortly  after  the  middle  of  the  month  sets  ratJier  more  tham- 
an  hour  after  sunset.    This  interval  increases  to  about  an  hour; 
and  a  half  by  the  end  of  the  month;  and  the  planet  can  then 
be  eaaly  seen  in  the  evening  twilight,  although  it  will  not 
reach  its  greatest  east  elongation  until  nearly  the  middle  o? 
July. 

Venus  is  also  an  eveninp  star  and  remains  above  the  hor- 
izon on  May  Ist  a  little  more  than  an  hour  and  a  half  after' 
sunset.  At  the  end  of  June  this  interval  has  increased  to  i- 
little  more  than  two  hours.  The  planet  increases  its  distance 
from  the  Sun  abont  15'  during  this  period,  but  it  is  movingC 
along  a  part  of  the  ecliptic  somewhat  south  of  the  Sun's  poai- 
It  moves  from  Tauni-i  through  Gemini  aiid  Cancer  into 
Leo.  At  the  beginning  of  May  Vemis,  Mars,  and  Jupiter  are; 
all  near  together  in  Taurus,  Vevvs  being  the  farthest  wea 
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Ite  more  rapid  eastwnrd  motion  caiiaes  it  to  ovei-Uike  and  pass 
Mnrs  on  the  morning  of  Way  6tii.  At  tlw?  time  of  nearest 
approach  tlie  planets  are  only  5'  apart,  a  distance  less  than 
iniraiim  separable  by  the  naked  eye.  Unfortunately 
lis  very  close  approach  occurs  while  the  planets  are  below 
our  hoi'izoi],  but  may  be  seen  in  the  eastern  heniispbcre,  Venvs 
overtakes  and  passes  Jupiter  on  the  evening  of  May  11th,  Tbe 
minimum  distance  is  a  little  more  than  1',  about  two  diamett'ra 
of  the  Moon,  and  occurs  at  a  time  when  the  planets  are  above 
lur  horizon.  Then  on  the  morning  of  May  IStli  Mars  over- 
tes  and  passes  Jupiler,  the  least  distance  being  about  the 
ime  as  that  at  the  conjunction  of  Venus  and  .Wars. 

Mars  is  still  visible  in  the  evening  sky,  but  the  Sun  is 
lra«-ing  nearer  to  it.  On  May  lat  it  sets  about  two  houra 
ifter  the  Hun;  on  June  1st,  aboiit  an  hour,  and  on  July  1st, 
than  half  an  hour.  The  planet  has  now  reached  nearly 
'its  minimum  of  brightness,  akmt  that  of  the  Pole  Star,  and 
it  will  not  be  easy  to  see  it  in  the  evening  sky  after  June  1st. 
It  will  reach  conjunction  with  the  Sun  about  the  middle  of 
July,  becoming  a  morning  star,  hut  will  not  be  at  all  eon- 
licuous  for  several  months. 

Jupiter  during  the  early  part  of  the  May-June  period  is 
\l  conspicuous  in  tJie  evening  twilight.  On  May  1st  it  does 
lot  set  until  after  9  o'elopk,  but  by  June  1st,  it  remains  above 
le  horizon  only  about  half  an  hour  after  sunset.  It  may  be 
lossible  to  see  the  planet  on  tliat  date  owing  to  lis  great 
irightness,  but  it  soon  draws  too  neai-  the  ^nn  for  naked-eye 
It  passes  conjunction  with  the  Sun  on  the  morning  of 
June  10th  and  becomes  a  uioming  star.  By  the  end  of  June 
it  rises  about  an  hour  before  sunrise,  and  may  be  easily  seen 
as  a  morning  star.  Between  May  1st  and  June  30lh  it  moves 
lut  15°  eastward  in  the  constellation  Taurus. 
Saturn  rises  at  about  3  a.  m.  on  May  1st,  and  at  about 
;1  p.  M,  on  June  30th.  It  is  therefore-  in  fair  position  for  early- 
Morning  obsei-vation.  It  is  in  the  easlem  part  of  the  con- 
stellation Aquarius  and  moves  about  3°  eastward  and  north- 
ward, with  constantly  diminishing  motion,  until  June  27th,  It 
then' ceases  its  eastward  nmtion  and  begins  to  move  westward, 
luring  the  fiis1  half  of  the  year  the  Earth  has  been  continually 
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drawiug  uearer  the  plane  of  the  rings,  and  the  apparent  minor 
axis  is  in  June,  only  about  one  eighteenth  of  the  major.  ^Hie 
motion  of  the  Earth  during  the  latter  hidf  of  the  yearwOL 
cause  a  slight  increase  in  the  apparent  minor  axis^  but  i||0' 
Earth  will  pass  the  plane  of  the  rings  in  1907,  and  the  ap^ 
parent  ellipse  will  reduce  to  a  mere  line. 

Uranus  rises  before  midnight  on  May  1st  and  shortly  after 
7  p.  M.  on  June  30th.  It  retrogrades  (moves  westward)  about 
2'  in  the  constellation  Sagittarius  during  this  period,  and  is  a 
few  dejarrees  north  of  the  **  milk-dipper. "  No  bright  star  is 
very  near. 

Neptune  is  in  Gemini,  and  is  in  the  western  sky  in  the 
evening.    It  will  reach  conjunction  with  the  Sun  on  July  2d. 


I 
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Obskevations  of  Eclipse  Shadow-Bands  of  August 
30,  1905. 

I  regret  exceedingly  to  say  that  through  my  oversight  the 
valuable  obBervations  of  sliailow- bands  made  under  my  diree- 
ttoo  at  the  eclipse  of  August  30th,  by  Dr.  Viooo  STBovuESWi, 
of  Copenhagen,  were  omitted  from  Uie  account  of  the  Lick 
Observatoty-Crocker  Eclipse  Expedition  to  Spain  published 
in  No.  106.  I  trust  that  Dr.  Stboybero  will  pardon  the  great 
ijustice  thereby  done  to  his  skill  and  enthiisiHsm.  Following 
is  quoted  from  his  record  of  ol)servation:  — 

'My  place  of  observation  was  about  10  metei-s  im mediately  north 
of  the  in-struments.  I  had  spread  on  the  ground  two  white  itheets  of 
clotb.  each  between  two  and  three  meters  square. 

''Xearly  one  minute  before  totullLy  the  aliadow-bands  began. 
Their  distance  apart  was  about  I.icm,  and  the  dark  lines  were  3<"b  to 
4aa  broad.  The  velocity  was  bo  jfreat  that  it  was  impossitile  to  esti- 
mate it.  I  saw  the  lines  straight  and  not  undulatin^r.  i  S.xed  the 
position  of  the  lines  with  a  lonfj  wooden  bar,  wnich  I  laid  on  the  east^ 
ernsheet  parallel  to  the  lines.  Their  motion  was  southeastward  and 
per{>endicular  to  the  bar.  About  15  seconds  liefore  tot^ality  the  sha- 
dow-bands diHapiieared. 

"About  20  seconds  after  totality  was  over  the  shadow-bands  came 
aEain.  Tbey  had  nearly  the  same  motion  and  direction  as  Iwfore 
totality.  The  direction  was  fixed  with  another  lonif  wooden  bar  on 
Ibe  western  sheet.  They  were  very  small  and  only  a  few  of  them 
Oouldbeseen.  Their  distances  were  nearly  the  same  as  before  totality." 

The  azimuths  of  tbe  two  bars  were  measured  and  found 
[  to  be.  for  the  first,  35'  south  of  west,  and,  for  the  second,  32° 
I  louth  of  west.  The  directions  of  motion  were  therefore  55' 
I  and  58°  east  of  south,  respectively. 

I  do  not  venture  au  interpretation  of  these  phenomena,  nor 
k  criticism  of  existing  theories  as  to  their  cause;  but  it  is  of 
[  interest  to  note  that  their  direction  of  motion  was  very  nearly 
[that  of  the  Moon's  shadow.  W.  W.  Campbeu,. 
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The  System  op  Castor. 

(Abstract  from  L.  O.  Bulletin  No.  98.) 

Both  components  of  this  interesting  visual  double  star  are 
of  the  Sirian  type  of  spectrum.  The  absorption  is  more  com- 
plete in  the  fainter  star  {ai  Geminorum,  magn.=3.7)  than  in 
the  brighter  (^2  Geminorum,  magn.=2.7).  As  a  result  the 
lines  are  more  distinct  in  ai  and  more  lines  can  be  measured. 
But  the  less  distinct  lines  in  aj  admit  of  slightly  more  precise 
settings  being  made. 

The  fainter  component  was  shown  to  be  a  spectroscopic 
binary,  with  a  period  of  nearly  three  days,  by  Professor  Belo- 
POLSKY,  of  Pulkova,  in  1895.  The  binary  character  of  the 
brighter  member  of  the  system  was  discovered  by  the  writer 
in  October,  1904,  from  plates  taken  with  the  Mills  spectro- 
graph. The  definitive  orbits  of  both  systems  have  been  com- 
puted. The  number  of  plates  used  in  the  case  of  ai  was 
thirty-two,  and  an  average  of  thirty-four  lines  was  measured 
on  each  plate.  The  elements  derived  for  a 2  depend  upon 
forty-eight  platas.  The  average  number  of  measurable  lines 
for  this  component  was  twenty-four.  The  full  details  of  the 
calculations  are  given  in  the  original  paper.  The  resulting 
delinitive  elements  for  the  two  systems  are  as  follows; 

ai  Gemmorimu  a.  Geminorum. 

(Fainter  Component  )  (Brighter  Component.) 

Period  =  2.928285  days  9.218826  days  ±:  o.oooio 

T—  T.D.  241(^828.057  It  0.042  J.  D.  2416746.385  zt  0.021 

c  z=.  b.oi  ±i  0.0066  0.5033  It  0.0112 

0)=  102". 516  ii=  5''i20  265^.353  =t  i°.730 

a:  =  31.76  ±:  0.220  13.56  =:0.22 

J/  =  L_ 0.98'^"^  It  0.15^™      +  6.20**"^  ±1  o.\f^^ 

a  sin  /  —  1 .279,000^"^  1 ,485.000'^°^ 

For  ax  (r<  tninorum  the  eccentricity  is  showTi  to  be  much 
smaller  than  supposed  by  Belopolsky.  In  particular,  Belo- 
poLkSKY's  assumption  of  any  rotation  in  the  line  of  apsides 
is  shown  to  be  witliout  foundation.  The  maximum  effect  of 
such  a  rotation  for  elements  with  an  eccentricity  of  0.01  would 
bu  but  —0.3km,  an  amount  too  small  to  detect  with  certainty, 
in  stars  of  this  sf)ectral  type. 

With  future  determinations  of  tlie  elements  of  the  visual 
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rstem  it  will  eventually  be  possible  to  determine  with  con- 
iderable  aeeiiracy  tlii;  parallax,  masses,  aiid  oi-bital  dimen- 
ions  of  this  unique  quadruple  system.  But  the  visual  ele- 
lenta  are  absolutely  indetenninate  as  yet,  anil  assuinptionu 
s  to  the  values  of  the  parallax  and  other  physical  constants 

It  is  not  unreasonable  to  postiilate,  however,  that  the  in- 

elination  of  the  orbital  planes  of  both  spectroscopic  systems  is 

lughly  that  of  the  main  system.     This  is  indeterminate  at 

iresent.     If  we  assume  i=63'  as  given  by  Dobekck'  in  the 

elements  which   he   regards   as  most  probable    (period=347 

irs),  then  the  values  for  the  semi-major  axes  of  the  spectro- 

ipic  systems  are:  — 

a,  Gtwinorum,  a  ^\A'A'\iMj'^°' 
a,  Geminorutn,  a  — =l,6fi7,000'"" 
these  values  are  mere  hypotheses,  but  it  seems  quite  prob- 
ible  that  the  orbital  dimensions  cf  both  systems  are  of  the 
Bine  order  of  magnitude.  We  wonld  have  in  this  case  the 
ntere«ting  combination  of  two  spectroscopic  sj'stema  of  ap- 
troximately  the  same  linear  dimensions,  one  of  which  has  tlie 
Wry  great  eccentrieity  of  0.50,  while  tlie  orbit  of  the  other 
B  nearly  circular.  By  the  commonly  a.ecepted  theories  of 
tellar  evolution  this  would  seem  to  indicate  that  the  bn^hter 
pair  is  much  the  older  of  the  two  systems.  It  has  aji-eady  ap- 
proximated to  the  eccentricity  of  the  main  system,  while  its 
fainter  companion  ^'stem,  of  three  times  greater  mass,  still 
revolves  in  orbits  almost  circular. 

Such  an  eccentricity  as  shown  in  m  is  rarely  met  with 
except  in  those  spectroscopic  binaries  \vhicli  have  as  well  a 
variation  in  their  light.  The  tidal  action  in  such  a  system, 
where  at  periastron  the  stai-s  are  but  one  tliird  of  their  apas- 
tton  distance  apart,  must  be  enormous.  The  attempt  was  ac- 
cordingly made  to  test  the  constancy  of  the  light  of  the 
brighter  star  by  a  series  of  observations  with  the  smaller  of 
Uie  two  Bruce  polarizing  double-image  photometers  belonging 
t"  the  Lick  Observatory.  The  observations  were  made  with 
the  photometer  attached  to  the  twelve-inch  equatorial.  There 
is  no  evidence  of  an.v  variiition  from  the  i)resent  series.  If  it 
'A.M..V01. 1M.1.,  t(-,. 
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exists  at  all,  it  must  be  very  small,  and  would  require  a  long 
series  of  observations  to  substantiate.  There  is  no  evidence, 
moreover,  of  any  irregularity  in  the  spectroscopic  velocity 
curve.  Heber  D.  Cubtis. 

Comet  Notes. 

Seven  new  comets  have  been  announced  in  the  last  five 
months:  Comets  6,  c,  d,  and  e,  1905,  and  a,  6,  and  c,  1906. 
Three  of  these  were  discovered  by  photography  and  all  were 
telescopic  objects  except  Giacobini's  second  comet  (c)  of 
the  year  1905,  which  attained  maximum  brightness  January 
22,  1906,  and  would  have  been  a  fairly  conspicuous  naked-eye 
object  but  for  its  proximity  to  the  Sun.  The  discovery  of  his 
first  comet  (a)  of  1905  was  followed  by  a  lull  of  eight  months 
in  comet  finding. 

Comet  h  (Schaer)  was  last  seen  and  measured  at  this 
observatory  by  IVlir.  Smith  on  December  29,  1905.  Careful 
search  with  the  36-inch  by  Dr.  Aitken  and  the  writer  on 
January  5th,  20th,  26th,  and  27th,  under  poor  atmospheric 
conditions,  failed  to  reveal  the  comet  with  certainty,  though 
on  the  last  date  a  suspected  object  was  glimpsed  in  the  pre- 
dicted place. 

Coniot  c  1905  (Giacobini)  is  still  measurable,  but  is  low 
in  the  westera  sky  at  sunset  and  difficult  under  the  persistent- 
ly bad  weather  conditions.  The  last  measure  secured  here 
was  on  the  evening  of  March  15th. 

Comets  d  and  e  1905  were  discovered  on  the  same  photo- 
graphic plate  at  Trowel  1  Observatory  two  and  four  weeks 
respectively  after  the  exposure.  No  search  was  made  here,  in 
the  absenee  of  sufficient  search  data. 

Comet  a  1906  (Hr(X)ks)  is  still  measurable,  and  is  closely 
following  the  second  orbit  computed  for  it  at  the  Students* 
Observatory. 

Telegraphic  announcement  of  the  discovery  of  Comet  h 
1906  by  KoPFF  at  Heidelberg  was  received  March  5th.  The 
comet  was  found  in  the  photographic  seareh  for  astereida 
P'ortunately  the  weather  permitted  measures  here  on  the  5th, 
6th,  and  7th.  The  comet's  apparent  motion  is  very  small,  as 
it  is  nearly  in  opposition  and  moving  nearly  parallel  to  the 
Earth's  orl)it  (at  an  inclination  of  1').     A  fourth  measure 
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was  obtaiiipd  on  March  15th,    Stormy  or  cloudy  weather  has 
prevented  further  observation.* 

The  latent  comet,  c  1906,  was  diaiovered  at  Mflbonrne  by 
Ross,  A[arch  17th.  Storm  was  brewing  at  the  time  on  Mt- 
Ilajiiilton  ami  has  prevailed  continuously  sincj?,  so  that  ob- 
senation  has  been  impossible.  An  orbit  was  computed  at 
the  Naval  Observatory  by  Miss  Lamson  from  Eastern  obser- 
vations. The  comet  passed  nearest  the  Sun  on  February  21st; 
it  now  aets  a  little  north  of  the  equator  about  two  hours  after 
siin.set.  It  is  improving  somewhat  in  position  for  observation, 
but  is  diminialiing  in  brightness;  by  April  1st  it  will  be  but 
half  aa  bright  aa  at  discovery.  This  is  one  of  the  rare  occasions 
when  the  orbit  of  a  comet  has  been  received  before  our  first 
obser\'ation  of  it. 

Since  March  15th  the  Gerrish  telegraphic  cipher  code,  of 
IIan,-ard  College  Obseri-atorj-,  has  been  employed  in  the  trans- 
mission of  astronomical  messages,  supplanting  the  more  cuni^ 
bersome  Chandler- Ritchie  Science  Observer  code,  which  has 
l>i.-en  in  use  for  over  twenty  years.  The  new*  cjode  substitutes 
for  the  ten  digits  the  alphabetically  formed  syllables:— 
ia  de  ji  go  ku,  am  en  ip  ot  ux 
12345  67890 
which  can  be  memorized  in  the  reading.  If  any  of  the  data 
lire  omitted,  tlie  miasiug  figures  are  repi*esenteil  by  the  syllable 
vy.  The  formation  or  translation  of  tlie  muiierical  part  of  a 
telegram  ij,  accomplished  by  the  simple  exchange  of  nunibei-s 
and  .syllables  in  order  in  filling  out  a  printed  blank  form. 
There  is  no  change  of  order  or  of  units.  The  metho<l  of  forma- 
tion of  the  syllables  renders  the  eotle  practically  error-proof; 
erroi-s  are  less  apt  to  occur,  and  when  committed  are  usually 
apparent  at  a  glance  and  corrected  by  inspection.  A  few  ex- 
planatory plain  words  accompany  each  message. 

Jamks  D.  Maddrill. 

^w  Orbit  of  tub  Sev'enth  Sateij,ite  of  JuprrES. 

Hp  Professor  Leuschneb  has  recently  derived  an  "Analytical 
IHethod  of  Determining  the  Orbits  of  New  Satellites,"  An 
application  of  this  method  has  been  made  by  Mt.  Champbeux 
and  myself  to  the  ease  of  the  seventh  satellite  of  Jupiter.  The 
orbits  given  below  are  based  upon  Pebbinb's  positions  of 
*HeBsured  idaat  on  Unrab  t7lh.  arter  sendliiK  the  note  to  ptiater.— J.  D,  U. 
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January  3d,  February  8th,  and  March  6th  (1905).  The  first 
set  of  elements  was  derived  irrespective  of  any  perturbations. 
The  second  set  lepresents  the  first  approximation  to  elements 
osculating  February  8th  by  taking  immediate  account  of  the 
attraction  of  the  Sun.  The  third  set  is  the  result  of  a  close 
representation  of  the  observations  on  the  same  baais. 

The  first  set  of  elements  is  comparable  with  that  of  Ross 
L,  O.  Bulletin  No.  82,  giving  practically  the  same  representa- 
tion for  an  observation  of  August  9th.  The  second  and  third 
sets,  however,  give  the  residuals:— 

(  11.  III. 

(0.-C)  ]  Ap  =  +  2\7  +1\6 

(  As=  +  5'.2  -fS'.S 

The  computed  positions  being  derived  directly  from  the  ele- 
ments osculating  for  February  8th,  without  applying  the  solar 
perturbations  from  February  8th  to  August  9th.  The  solar 
perturbations  are  being  computed  for  all  observations  secured 
since  discover^'  by  an  adaptation  of  Encke's  method  of  special 
perturbations  in  rectangular  co-ordinates.  With  these  pertur- 
bations it  is  expected  that  recent  observations  will  be  closely 
represented.  Outstanding  differences  will  serve  for  the  cor- 
rection of  the  third  set  of  elements. 

It  is  int4? resting  to  note  that  Leuschner's  metliod  gives  all 
the  solutions  possible  on  the  basis  of  the  three  observations 
upon  which  the  computation  is  based  at  one  and  the  same  time. 

Elements  of  the  seventh  sat<3llite  of  Jupiter  (direct  mo- 
tion) referred  to  the  Earth's  equator,  1905.0:  — 


Epoch, 

Feb.8.6oo9Gr.  M  T. 

Feb.  8.6009  Gr.M.T.     Feb  8.6009  Cr.  M.  T. 

M 

83°  1/57" 

281°   13' 48"            283°  04' 04" 

n 

279   45  08 

289   47  45          288    19  59 

CO 

6   38-42 

189    15  19           187    29  41 

• 

26   27  14 

25    39.42            25    39  23 

e 

0.12576 

0.13195.              0.12152 

l0R/x° 

0.1 559 1 

0.14885                0.14310 

Period 

251.142  days 

255.538  days    258.942  days 

*a 

49'  48"' 

50'  20"              50'  47" 

(c-c,!^ 

P        -  5°-6 

+  2^7             +1^.6 

s         +  33'-6 

+  5'.2              +8'.8 

*  a  for  log  (Jupttfr's  distance)  =  0.72124 

Russell  Tracy  Crawford. 

Berkeley 

Astronomical  Pepartment,  March  26,  1906. 

Astronomical  Society  of  the  Farific.  137 

Two  Stars  whose  Va/xmES  ake  Varuble. 
The  follnwiDg  two  stars  have  been  shown  to  have  variable 
velocities  in  the  line  of  sight  from  observations  obtained  with 
the  Mills  spectrograph:— 


I 


T  I'rsae  Majoris 

(0=9"  2™.7;  8=+63* 

55'.) 

Plate. 

Date. 

Velocity. 

M,?iL»umt  1.1 

1620D 

1900  Jan.  22     | 

-3.8 

CaMPBEUj 

Stebbins. 

e377A 

1902  April  15  j 

—  10 

-10.2 

Reese. 

STSBB1N3. 

2624E 

Dec.  30       j 

—  4 
-6.0 

Curtis. 
BrsNs. 

3107F 

1903  Dee.  25 

-9.7 

MOOBB. 

4181E 

1906  Jan.  29     \ 

-1 
-  1.5 

MOOEB. 

Burns. 

The  type  of  spectrum  given  by  Harvard  is  XII  C.  The 
binary  character  of  this  star  was  suspected  by  Mr.  Stebbins 
from  the  second  plate  and  confirmed  by  the  recent  measures  of 
Messrs.  Moore  and  Burns. 


fi  Vrsae  Majoris. 

(a=10h  16™.4;  8^+42-  0'.) 

Plate. 

Dal«. 

Velocity. 

Measured  by 

309  A 

1897  Feb.  24      j 

-24 
-27.4 

Campbell. 
Burns. 

689A 

1898  March  3]  j 

—  20 
-22.0 

Campbell. 
Burns. 

1201C 

1899  March  6     j 

-20 

-19.1 

Campbell. 
Burns. 

3208D 

1904  April  11    ] 

-Iff 
-  16.2 

MOOBE. 

Burns. 

4151D 

1906  Jan.  4 

—  23 

MlWRE. 

The  spectnun  is  of  type  M.     The 

vaxiation  seems  to  have 

been  suspected 

earlier,  but  was  confirmed  by 

the  i-ecent  ap- 

proximate  measures  of  Moore  and  the  definitive  measures  of 

the  older  plntea  by  Burns. 
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The  plates  are  not  properly  distributed  to  give  an  iilfn  of 
the  period  in  the  ease  of  either  star. 

W.  W.  Campbell. 
J.  H.  Moore. 
Comet  Notes. 

In  comet  affairs  a  very  unusual  state  exists,  no  less  than 
four  beiniE  under  observation  at  date.  Three  of  these  have 
been  discovered  this  year,  giving  so  far  an  average  of  one 
comet  per  month.  Comet  a  1906  waa  discovered  by  Bbooks 
at  Geneva,  New  Yorii,  on  the  26th  of  Januarj-.  Two  orbits  of 
this  comet  were  computed  by  Mr,  Champeeux  and  myself. 
According  to  the  second  set  of  elements,  the  comet  is  movina; 
in  a  retrograde  orbit  whose  plane  is  inclined  126'  to  tJie 
ecliptic.  Its  nearest  approach  to  the  Sun  was  December  22d 
of  last  year,  when  it  was  one  hundred  and  twenty-one  million 
milcH  from  it.  The  elenienta  and  an  ephemeris  may  be  found 
in  L.  0.  Bulletin  No.  91. 

The  second  comet  of  this  year  was  discovered  very  nearly 
at  opposition  by  Koppf  at  Heidelberg,  March  3d. 

So  far  only  a  preliminary  orbit  of  this  comet  has  been  de- 
rived.  It  is  given  in  L.  O.  Bulletin  No.  92.  As  soon  as  the 
weather  permits  another  observation  to  be  made  at  the  Lick 
Observatory  a  second  orbit  will  be  computed.  According  to 
the  preliminary  elements,  this  comet  is  distinguished  by 
having  an  inclination  to  the  ecliptic  of  only  1'  8',  which  is 
smaller  than  that  for  any  other  known  comet.  The  nearest 
approach  to  the  Sun,  one  hundred  and  twenty-two  million 
miles,  was  on  the  25tJi  of  December  last  year. 

It  may  be  of  interest  to  computers  to  note  that  in  the  case 
of  this  comet,  a  very  unfavorable  one  for  the  old  methods, 
using  Leuschneb's  short  method,  the  elements  were  obtained 
by  using  six-place  logarithms,  in  three  and  one  half  hours 
actual  computing  time  after  the  receipt  of  the  third  observa- 
tion. 

The  third  comet  of  this  year  was  discovered  Miareh  17th 
by  Ross  at  Melbourne,  Australia,  Unfortunately,  ever  since 
its  discovery  cloudy  weather  has  prevailed  on  this  coast,  i 
that  up  to  date  it  has  not  been  observed  at  the 
Observatory. 
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Dr.  Morgan,  of  Morrison  Observatory,  Glasgow.  Missouri, 
kiiidly  sent  observations  of  the  19th  and  2l8t  through  the 
Harvard  College  Observatoiy.  But  before  his  third  observa- 
tion was  available  here  preliminary  elements  were  received 
from  the  Naval  Observatory  based  upon  observations  of  the 
19th,  20tli.  and  21st.  No  observations,  however,  besides  those 
of  Morgan  were  given  out  to  the  astronomical  public.  An 
orbit  will  be  computed  here  from  a  longer  are. 

I  Russell,  Tract  Crawford. 

Berkeley  Astronomical  Department,  March  24,  1906. 
Elements  op  Comet  b  1906  (Kopfp). 
A  third  observation  of  tliis  comet  to  serve  for  the  deter- 
nation  of  the  orbit  from  longer  intervals  than  those  used 
in  the  first  pn'liminary  orbit  (L.  O.  Bulletin  No.  93)  was  se- 
cured by  Mt.  J.  D.  Maddkill  at  the  Lick  Observatoiy  on 
March  27th  during  a  cJear  spell  in  the  recent  stormy  weather. 
This  observation,  as  well  as  the  others  on  which  a  second  orbit 
was  based,  was  kindly  eonimimicated  to  the  Students'  Ob- 
servatory by  the  Lick  Observatory.  The  three  positions,  all 
i-of  which  are  by  Maddbii-l,  are  as  follows:  — 


March    5.7743 
15-76865 
27.7448 
From  these  «e  havi 


'  35"  oo'-S 


App.  I 

+  1°    42'  40" 

'     57  33 

+  2    14  40 


25     50 .7 
derived  the  following  elements 


r 

^B  t  =  IQ05  October  20.8024  Gr.  M.  T. 

^m  "=159''  03'  06") 

^V  n  =  342   09  54  >  1906.0 

^B  i=    4    12  37  5 

H  q=  3.31645 

^B  These  elements  leave  a  residual  of  —  2"  (O.  — G)  in  the 
■•finst  and  third  right  aswniaons.  It  will  require  a  still  longer 
arc  to  determine  the  elements  to  any  degree  of  certainty.  The 
umall  value  of  the  residuals  for  the  parabolic  orbit  does  not 
as  yet  warrant  the  determination  of  elements  without  hypothe- 
sis regarding  the  eccentricity. 

The  perihelion  distance  of  the  first  preliminary  orbit  was 
(f^l.3.  The  new  solution  was  made  on  the  basis  of  the  first 
preliminary  orbit  by  the  differential  formuite  of  Leusch- 
neb's  short  method,  which  were  found  to  be  fully,  although 
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slowly,  convergent  in  spite  of  the  large  corrections  to  the 
original  elements.  As  a  check  on  the  results  the  geooentric 
distance  at  the  middle  date  was  independently  derived  by 
direct  computation  from  the  given  positions. 

R.  T.  Crawford, 
A.  J.  Champreux. 
Berkeley  Astronomical  Department,  March  31,  1906. 

Eclipses  of  the  First  SateIiUte  op  Jupitesi. 

The  following  disappearances  and  reappearances  of  the 
first  satellite  of  Jupiter  were  observed  with  the  3^-inch  finder 
of  the  photographic  telescope,  the  magnifying  power  used 
being  60.  Observations  were  secured  whenever  the  weather 
permitted. 


Am. 

Eph  and  N.  A. 

Observed. 

£o.  Dis. 

Wash.  H. 

T. 

Wash.  M 

.T. 

Remarks. 

19()5  Nov.    6 

ll*" 

24in 

23* 

111" 

24"' 

16" 

"      11 

18 

50 

22 

18 

49 

47 

Hazy. 

"      13 

13 

19 

6 

13 

18 

13 

Small  transiMtrent 

"      20 

15 

13 

58 

15 

11 

53 

cloud  over  planet. 

£c.  Re. 

Nov.  27 

19 

17 

27 

19 

19 

20 

Doc.    6 

15 

41 

23 

15 

41 

13 

8 

10 

10 

17 

10 

10 

14 

*^      13 

17 

36 

45 

17 

36 

43 

Stubla  Einarsox. 
Berkeley  Astronomical  Department,  March  26,  1906. 

On  the  Parallax  of  the  Central  Star  op  the  Annular 

Nebula  in  Lyra. 

Ill  a  rocoiit  article  on  the  Annular  Nebula  in  Lyra  (Monihhj 
yotircs.  Vol.  LNVI,  ]>.  106)  ]\rir.  Barnard  draws  the  following: 
eon(*hi.sion  eoncerning  my  investifration  of  the  parallax  of  the 
central  star:  *^As  Dr.  Newkirk's  parallax  for  the  central 
star  depends  upon  the  proper  motion  which  he  determined,  and  • 
which  is  shown  not  to  exist,  the  parallax  itself  must  be  fal- 
lacious.'* 

This  conclusion  is  not  justified  unless  a  solution  of  the 
equations  of  condition,  with  the  pro|)er-motion  terms  omitted, 
indicates  that  no  measurable  paralJax  exists.  Such  a  solution 
from  the  ci^rht  ])airs  of  comparison  stars  prives: — 

Weighted  mean  parallax  =-fO"  .067=0"  .02  (mean  error) 


r 
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The  result  obtained  when  proper  motion  terms  are  included  in 
the  equation  of  condition  is: — 

ParaUax=+0".10_LO".02   (mean  error) 

It'  instead  of  averaging  the  eight  values,  equationa  of  con- 
dition be  set  up  for  the  simultaneous  determination  of  the 
parallax  and  the  effect  of  chromatic  dispersion,  the  above 
value  of  the  parallax  is  reduced  by  0",003  only. 

I  am  fully  aware  of  tlie  uncertainty  which  attaciiea  itself 
10  investigations  of  stellar  parallax,  and  realize  the  desirabiU 
ity  of  a  thorough  test  of  my  results.  An  investigation  of  proper 
motion  alone,  liowever,  does  not  seem  likely  to  throw  much 
light  on  the  value  of  the  parallax. 

Most  nf  the  plates  used  in  my  parallax  investigation  were 
exposed  during  the  yeai-  1899  and  1900.  and  the  series  eould 
not,  therefore,  form  a  good  basis  for  an  investigation  of  proper 
motion.    This  is  explicitly  stated  on  page  15. 

The  evidence  of  proper  motion  wliich  was  presented  as  a 
supplement  to  the  parallax  investigation  rested  mainty  on 
observational  niatenal  not  used  in  the  pai-allax  determination. 
A  note  regarding  this  subject  has  been  sent  to  the  Monthly 
Notices  of  the  Royal  Astronomical  Society. 

B.  L.  Newkirk. 

»  Berkeley  AsTBONOMiciL  Department.  March!  31,  1906. 
Fhom  the  Students'  Obsebvatoet. 
Arrangements  have  been  completed  for    two    courses    in 
astronomy  to  be  given  at  the  summer  session  of  the   Uni- 
versity of  California.     The  courses  are  described  in  the  an- 
nouncement as   follows;— 

1.  Modem  Astronomy :  An  illustrated  lecture  course,  aim- 
ing to  present  in  non-technical  language  the  fundamental  facta 
and  principles  underlying  the  science  of  astronomy,  with  some 
of  the  methods  and  re-sults  of  modem  research. 

2,  Observalory.  Lectures  on  practical  astronomy  and  ob- 
si--rvatory  work,  illustrative  of  course  1,  with  the  reflector, 
refractor,  the  photographic  telescope,  the  zenith-  and  transit- 
telescope,  sextant,  etc. 

These  courses  are  to  be  given  by  Dr.  Newkirk. 

A.  0.  L. 
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Dui'Liii;:  the  current  term  the  Berkeley  Astronomical  De- 
partment is  conducting  for  the  first  time  a  course  in  the  reduc- 
tion and  measurement  of  astronomical  photographs,  with  au 
enrollment  of  four  graduate  students.  The  course  is  being 
given  by  Dr.  Newkirk.  With  the  completion  of  the  photo- 
graphic telescope  with  two  portrait  lenses  and  the  acquirement 
of  a  Repsold  measuring-apparatus,  the  department  now  has 
this  branch  of  instruction  thoroughly  organized. 

A.  0.  Let;schner. 

The  Spectroscopic  Binary,  V   Aquilae. 

In  the  fall  of  1905  several  spectrograms  of  the  variable 
star  U  Aquilae  were  obtained  with  the  one-prism  spectrograph. 
Eough  measures  give  a  velocity -curve  of  double  amplitude  of 
about  25^"^  and  a  period  coinciding  with  the  period  of  light 
variation,  which  Ls  7.02  days.  S.  Albrecht. 

March  26,  1906. 

The  Aw^ard  of  the  Gold  Medal,  of  the  Royal,  Astronomical 
Society  to  Professor  W.  W.  Campbell. 

In  the  la.st  number  of  these  Puhlications  brief  mention  was 
made  of  tlie  award  of  this  medal  to  Dr.  Campbell.  Since  then 
an  advance  copy  has  been  received  of  the  address  of  Mr.  W.  H. 
Maw,  President  of  the  Royal  Astronomical  Society,  in  making 
th(*  awai'd  and  of  the  res|)onse  of  Mr.  WhiteT/AW  Reid,  Ameri- 
can Ambassador,  in  accepting  it  in  the  medalist's  name. 

]\Ir.  ]\Iaw's  address,  after  a  brief  sketch  of  the  hist^iy 
of  the  determination  of  the  radial  velocities  of  the  stars  and 
of  the  discovery  of  spectroscopic  binar>'  stars,  gives  in  more 
detail  Dr.  Campbkll  s  (contributions  to  the  development  of 
these  departments  of  astronomical  research.  Aft4?r  spejikinir 
of  the  ^lills  six^etrograph,  designed  by  Dr.  Campbell,  of  the 
grrat  number  of  spectrograms  t^ken  with  it,  and  of  the  fact 
that  s<n(*nty-five,  or  more  than  one  half,  of  the  kno^\^l  s[HH*tro- 
scopie  binaries  stand  U)  the  credit  of  the  Lick  Observatory'  (in- 
eluding  the  D.  (>.  ]\Iills  Expedition  to  the  Southern  Hemi- 
sphere), twenty-nine  being  discovered  by  Professor  Campbell 
himself,  and  five  nioie  ])y  him  in  conjunction  with  another 
(>bst»rv(M*,  ^Ir.  Maw  continues: — 


Astronomictil  Sorirhj  of  iht  I'arifir.  143 

"Nor  is  ilie  imponance  of  our  medalist's  work  on  ilic  detcrniinatioii 
of  radial  velocities  and  the  chamcterislics  of  spectroscopic  binaries  I<> 
be  judged  simply,  or  even  cliietly,  by  its  amounl.  Of  even  greater  value 
is  Ihe  infiuenee  which  he  has  ptrsonaily  exerted  on  the  accuracy  of 
observations   of   radial   vclocily." 

It  is  shown  that  the  advanct  in  accuracy  of  such  mensures 
is  largely  duo  to  improvements  in  the  optical  and  Tnoehaui<ral 
tfonstmction  of  spectrographs  introduced  by  Dr.  Camfbei.l, 
to  the  use  of  iron  as  a  comparison  Bpectrum,  and  to  refinementa 
in  inethoda  of  plate  nieaRuremeiits  also  due  to  him.  Special 
attention  ia  called  to  Dr.  Campbell's  discovery  of  and  re- 
searches on  the  interesting  spectroscopic  binary  systems — 
■^,  Oeminorum,  Capella,  anrf  Polaris;  to  his  diacixasion  of  the 
Sun's  way.  baaed  on  data  secured  with  the  Mills  spec tio graph, 
and  to  hia  work  on  the  Wolf-Rayet  type  stars  and  on  Mtra 
Ctli. 

The  important  part  taken  hy  F'rofe.ssfjr  Campbeu,  in  repent 
solar  eclipse  work  is  dwelt  upon,  and  brief  mention  is  also 
made  of  his  researches  on  nebular  spectra,  the  spectra  of 
comets,  and  of  temporary  stars,  for  the  last  named  of  which 
the  Lalande  prize  was  awarded  to  him  in  1903. 

The  address  is  too  long  to  (fuote  from  satisfactorily,  but 

should  be  read  by  all  who  are  intei-ested  ia  tlie  progress  of 

i^ytie  ast  n»phyaical  work  of  the  Lick  Observatory. 

B       It  is  an  interesting  coincidence  that  the  American  Anibas- 

"■ador,  Mr,  'W'hitelaw  Rtn),  who  received  the  medal  for  Dr. 

CampbexiL,,  is  tlie  son-in-law  of  Mr.  D.   0.  Mills,  to  whose 

generosity  the  Milts  spectrograph  and  the  Mills  Expedition 

to  the  Southern  Hemisphere  are  due.  Mr.  Reid's  short  address 

will  be  of  general  interest,  and  is  therefore  reprinted  in  full  ;— 

.a  pleasure  to  serve  a:!  the  medium  for  transmitting  this  mark 
of  your  distinguished  approval  to  my  coiinlryman  on  the  far  Pacific 
Coast  of  the  United  Stales;  and  the  personal  circitm stances,  to  which 
you  have  made  such  gracious  allusion,  give  the  duty  a  special  tesL 

"Professor  Campbfjj;,  will  certainly  value  your  decoration  as  highly 
as  a  soldier  or  statesman  would  value  one  sent  him  by  a  sovereign. 
In  his  name  I  beg  to  tender  profound  thanks  to  the  Royal  .\Mroiiomical 
Society  for  this  medal;  and  to  you.  sir,  as  ils  President,  fcr  iht  learned 
and  generous  appreciation  of  his  work  to  which  we  have  ju=(   listened. 

"\  am  warranted  in  adding  also  the  thanks  of  the  l,ick  Oliser\'alory 
and  of  the  great  University  of  California  of  which  it  forms  a  part. 

".My  country  is  proud  of  every  advance  in  art  or  science  made  by 
her  sons, — prouder  of  these  than  of  triumphs  in  trade  or  in  war. — and 
will  be  gratified  tJiat  this  high  recognition  for  service  to  one  of  the 
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noblest  of  sciences  com«s  from  a  land  to  which  we  are 
reUieii  and  to  wbose  judgment  we  attach  such  imporlanee." 

R.  G.  A. 


The  Crosslby  REa^.ECTOR  Photockaphs  of  Eros. 

Tlic  ineasuremerit  and  reduction  of  the  Crossley  reflecto 
pliotographs  of  the  minor  planet  Eros  taken  in  1900-1901  tot  1 
detennining  an  impi-oved  value  of  the  solar  parallax,  began  ' 
at  Mt.  Hamilton  in  December,  1905,  in  charge  of  Dr.  Perrinb. 
Miss  Fbedrica  Chase,  formerly  of  Vassar  College,  and  Mjm 
A.  M.  HoBE,  fontierl)'  of  the  Berkeley  Astrouoiiilcal  Depart- 
ment, are  engaged  in  the  work  on  tlie  Carnegie  Institution 
foundation.  Its  completion  is  expected  to  require  two  i 
one  half  years.  It  is  planned  that  these  photographs  s 
furnish  their  own  value  of  the  parallax;  nevertheless  it  i 
hoped  that  the  measures  will  be  available  and  valuable 
combination  with  observations  made  at  other  institutions. 
W.  W.  Campbkix. 
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The  Death  of  Professor  Langlby, 
It  is  with  deep  regret  that  we  learn  of  the  death  of  Prti 
fessor  Samuel  Pierpont  Lanoibt  on  February  27th,  at  t 
age  of  seventy-one.  Professor  Lanqley  became  Director  of 
the  Allegheny  Observatory  in  1867  and  Secretary  of  the 
Smithsonian  Institution  in  1887.  His  interests  in  scientific 
subjects  were  wide,  and  his  contributions  to  all  subjects  re- 
ceiving his  special  attention  were  nf  the  highest  importance. 
At  a  memorial  meeting  of  the  Board  of  Regents  of  the  Smith- 
sonian Institution  recently  the  following  resolutions  were 
adopted  :— 

"Resolved,  That  the  Board  of  Regents  of  the  Smithwinian  Institu- 
tion express  their  profound  sorrow  at  the  death,  on  February  27.  1906, 
of  Samuel  Pierpont  Lancley,  SecreUry  of  the  Institution  since  1887, 
and  tender  to  the  relatives  of  Mr.  I.anclev  tlieir  sincere  sympathy  in 
their  bereavement ; 

"That  in  the  death  of  Mr.  Langlev  this  Institution  has  lost  a  dis- 
tinguished, efficient,  and  faithful  executive  rvfficer  under  whose  adminis- 
tration the  international  influence  of  Ihe  parent  Institution  has  been 
greatly  increased,  and  by  whose  persona!  efforts  two  important  branches 
of  work  have  been  added  to  it.t  care — the  National  Zoological  Park  and 
the  Astrophysical   Observatory;  . 

"That   the    scientific   world    is   indebted   lo    Mr.    L.*nguy    for   (he 
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invention  of  ninnerous  important  apparatus  and  instruments  of  pre- 
cision, for  numerous  additions  to  knowledge,  the  more  especially  for 
his  epoch-making  investigations  in  solar .  physics,  and  for  his  efforts 
in  placing  the  important  subject  of  aerial  navigation  upon  a  scientific 
basis ; 

"That  all  who  sought  the  truth  and  cultivated  science,  letters,  and 
fine  arts,  have  lost  through  his  death  a  co-worker  and  a  sympathizer; 

"That  the  Executive  Committee  be  requested  to  arrange  for  a 
memorial  meeting  to  be  held  in  Washington; 

"That  Doctor  Andrew  D.  White  be  invited  to  prepare  a  suitable 
memorial  which  shall  form  part  of  the  records  of  this  board." 

It  is  planned  to  publish  later  a  more  detailed  account  of 
Professor  Langley's  contributions  to  astronomy. 

W.  W.  Campbell. 


i 
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REPORTS  OF  OBSERVATORIES.' 


Some  ycai-s  a^^o  the  Committee  on  Publication  of  the 
Astronomieal  Society  of  the  Pacific  inaugurated  the  plan  of 
iibtaininjyr  annual  reports  from  the  observatories  of  the  Pacific 
Coast.  The  plan  met  with  success,  and  has  been  carried  out 
with  some  modifications  and  interruptions,  ever  since.  The 
committee  hopes  to  be  able  to  publish,  from  now  on,  reports 
fi-om  all  the  observatories,  both  great  and  small,  situated 
betwKni  the  Rocky  Mountain  region  and  the  Pacific  Coast. 

Ill  addition  to  the  observatories  from  w^hich  reports  are 
[)rinted  below,  there  are  a  number  of  others  possessing  small 
e(|uipineiits  which  are  used  chiefly  for  purposes  of  instniction. 
Among  these  may  be  mentioned  the  observatory  of  the  Uni- 
versity of  AVashington  at  Seattle,  which  has  a  6-ineh  refractor, 
ehroiiometer,  and  sextant;  the  observatory  of  the  University 
of  Oreiron,  at  Eugene,  which  is  provided  w^ith  transit,  sidereal 
cloek,  and  s(*xtant:  the  observatories  of  the  University  of  the 
Pacific  at  San  Jose  and  of  Santa  Clara  College,  both  of  which 
hav(»  small  ix^'ractors  and  minor  instruments;  the  Chabot  Ob- 
st  rvatory,  which  forms  a  part  of  the  public  school  system  of 
the  city  of  Oakland,  and  possesses  an  8-inch  refractor,  t>ogether 
with  a  very  complete  ecjuipment  of  accessory  instruments;  the 
Coast  and  (ieodetic  Survey  Obsei  vatorj'^  in  San  Francisco,  con- 
tainiii«r  a  transit  and  a  zenith  telescope,  which  is  a  base  station 
for  tt^letrraphie  longitude  work.  Captain  Rogers,  who  is  in 
charge  of  the  observatory,  reports  that  no  work  was  done  there 
during  1905,  the  last  work  being  the  Transpacific  differenec 
of  l(m*ritude,  San  Francisco-Manila,  in  1903-4. 


CIIAMBKRLIN  OBSERVATORY,  DENVER,  COLORADO. 

During  the  year  1905  the  chief  observations  of  the  Cham- 
berlin  Observatoiy  were  upon  the  comets  then  visible.  Experi- 
ments were  also  made  about  special  methods  of  noting  time 
and  ('(M'tain  varieties  of  personal  equation. 

H.  A.  Howe,  Director. 


'  Arran»fed  alphal)etii*iilly  uccordiDtr  to  name. 
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INTQtNATUfNAl,    UVTITT.'DE     OBSERVA' 


TKIAH,      CAUFORNU. 


Thi*  iiropranimc  of  the  I  n  tern  n  tin  mil  (Jeodetie  Assnciation 
for  obsei-viiifr  variations  of  lalitude  was  continued  throughout 
liHto  without  modification  or  interruption.  Good  oliserving 
weather  prevailetl  throughout  the  year  wceept  duriut;  the 
month  of  .lannary.  The  rainfall  for  the  year  was  29.1  inches. 
Tile  inHJcimiim  temperature  was  113°  F.,  on  July  7th;  the 
miniiniuii,  21',  on  Deeeiiiber  24th.  During  the  early  part  of 
.Inly  a  "warm  spell"  piTvailetl,  during  which  the  following 
inaximniti  temperatures  were  ohserved  on  a  UiermometLT  hang- 
ing on  tlie  north  side  of  the  Ohaervatfliy  inside  the  surround- 
ing latticework. 
•  July  3,  lai'  July  7,  113' 

m  4.  101  8.  108 

■  5.  lOS.r)  9.  104 

r  6,  107  10.  103 

The  three  longest  intervals  without  observations  were  ten 
nightfi  in  March,  seven  in  April,  and  eijtht  in  November.  The 
first  and  third  of  these  were  caused  b>'  unfavorable  weather 
and  the  second  by  a  eombinat-iou  of  unfavorable  weather  and 
absence  of  the  observer  from  the  station. 

The  following  table  gives  a  summary  of  the  observations 
made  for  the  variation  of  latitude.  The  first  column  enntaios 
the  number  of  detenu  inations  made  each  month,  the  second 
column  the  number  of  nights  upon  which  observations  were 
laade,  the  tJiii-d  column  the  number  of  complete  nights  (16 
determinations),  the  fourth  column  the  greatest  interval  each 
month  during  which  no  ob.servatious  were  obtained. 


January     144 

February     231 

March    184 

April     189 

May      224 

June     214 

July     247 

August    280 

September     254 

October      251 

November    1 G4 

December    178 

Totals    25TiO 

Sreaus    213 


13 


9 

10 

8 

7 

0 

5 

0 

3 
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The  probable  error  of  a  single  determination  of  the  latitw 
varied,  as  in  previous  years,  between  =  O'.IO  and  =  0". 

SiDNtrY  D,  TowNLBY,  Astronomcr-tH-Charge. 


UCK  OBSEKVATORY,  MT.  HAMILTON,  CALIFORNIA. 

The  output  of  obseiTationaJ  and  related  results  along  t 
lines  of  our  current  programme  was  considerably  reduced  foS 
the  year  1905  on  account  of  several  unusual  conditions. 

Tlie  total  solar  eclipse  of  August  30,  1905,  was  to  occt 
under  a  combination  of  circumstances  as  to  duration,  locatiot 
season,  and  probable  weather,  so  favorable  that  we  could  aol 
hope  to  see  them  equaled  for  a  great  many  years  to  come, 
burden  of  preparing  the  very  extensive  equipments  of  tlH 
expeditious  U>  Labrador,  Spain,  and  E^'ypt  fell  upon  Messrs 
Curtis,  Ompbell,  and  1*ebrine,  and  much  of  their  tim 
from  Januaiy  1st  imtil  shipment  was  made  in  June  was  i 
voted  to  this  important  subject.  Minor  parts  in  these  prepar 
tions  were  assigned  to  several  other  members  of  the  staff. 

Dr.  Curtis  was  absent,  in  connection  with  Ibe  Labrndot 
expedition,  from  June  to  October.  After  his  return  to  Mt^ 
Hamilton  his  duties  consisted  largely  in  preparing  additional 
plans  and  equipment  for  tlie  D.  0.  Mills  expedition  to  Chile. 
He  left  on  December  27th  to  talte  charge  of  the  expedition,  < 
Cerro  San  Cristobal,  Santiago,  Chile,  for  a  period  of  fiTJ 
years. 

Messrs.  Camfb^ill  and  Pemrine  were  absent  from  Jime  I 
November,  in  connection  with  tlie  Spanish  espcdition. 

Professor  Hi',ssey  left  Mt.  Hamilton  on  June  1st. 
absent  four  months  in  connection  with  the  Egj'ptian  espedi 
tion.  and  returned  to  this  country  early  in  October  to  assumi 
his  new  duties  as  Director  of  the  Detroit  Observatory. 

The  general  plans  and  results  of  the  three  eclipse  expedi- 
tions have  been  described  already  in  these  Publicalions  [Nos. 
105  and  106),  and  it  does  not  seem  necessary  to  repeat  them 
here,  although  they  form  an  important  part  of  our  work  i 
3905. 

The  observing  programme  of  the  D.  0.  Mills  expedition 
was  continuetl  un  inter rupte<lly  through  the  year,  except  thl 
Acting  Astronomer  Wbight  was  alone  in  the  work  after  SeJ 
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tember,  Assistant  H.  K.  Palmer  having  returned  to  this 
country.  The  exatft  number  of  spectrogi-ams  for  radial  veloci- 
ties of  the  stais  obtained  in  the  year  will  not  be  known  to  me 
for  a  few  weeks  yet,  but  it  amounts  to  aeveraJ  hundred.  All 
uf  these  have  been  measnn'd  approximately  and  many  of  them 
definitively. 

About  one  year  ago  Mr.  MoJS  arranged,  with  great  gen- 
erosity, to  continue  the  expedition  for  five  additional  years, 
and  at  the  same  time  to  improve  and  add  to  its  equipment. 

The  meridian-circle  depurtment,  in  chaise  of  Astronomer 
R.  H.  TucKEH,  obtained  results  as  follows:— 

The  measurement  of  the  graduation  errors  of  the  10' 
divisions  of  the  fixed  circle  of  the  Repsold  instrument  was  com- 
pleted in  April.  The  preliminaiy  reductions  had  been  kept  up 
during  the  progress  of  the  work,  which  began  eighteen  montlis 
earlier,  and  the  final  corrections  were  promptly  derived  and 
published  in  L.  0,  Bulletin  No.  85,  The  method  of  simultane- 
c-us  reading  of  both  circles  was  eiriployed  up  to  this  point,  all 
the  10'  divisions  of  a  single  degree  of  the  movable  circle  being 
compared  successively  with  the  10'  divisions  of  the  fixed  circle. 

Mr.  Eluott  Smith,  Carnegie  Assistant  for  two  years 
ending  July  1st,  took  pai-t  in  the  measures  and  in  the  corre- 
sponding computations. 

Some  measures  were  made  of  the  intermediate  2'  divisions, 
extending  over  a  degree  of  ea/'h  circle.  One  observer  reads 
alone  in  this  process,  which  con-sists  of  direct  measurement,  by 
means  of  the  cii-ole  miei-oacopes,  from  the  nearest  10'  divisions. 
Special  2'  divisions  re<i»irod  in  the  observation  of  the  funda- 
mental programme  have  also  been  measured.  The  complete 
measurement  of  all  the  2'  divisions  is  not  at  present  contem- 
plated. 

Observations  of  a  fundamental  character  were  begun  in 
July,  including  several  co-ordinated  schemes.  Cireumpolar 
stars,  including  Polaris,  are  observed  at  successive  upper  and 
lower  culminations.  Zenith  stars  are  in«luded  in  each  series 
for  the  investigation  of  certain  classes  of  sj'stematic  error, 
fitars  of  large  zenith-distance,  north  and  south,  are  observed 
ffir  test  of  the  corrected  refractions,  already  investigated  here. 
And  the  design  is  to  provide  fimdnmentnl  determinations  of 
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a  series  of  sUvrs  from  the  pole  to  hij^jh  southeru  declination, 
v.liieh  shall  serve  as  the  basis  for  the  ol)«er\'ation  of  the  places 
of  a  larjje  nuiiiber  of  fundamental  stai'S. 

( )bservations  were  made  for  about  half  of  a  list  of  latitude 
stai'S  use<l  by  Piofessor  C.  L.  Doolittle,  of  the  Flower  ()b- 
sin'atoiy.  Both  co-ordinates  were  detennined,  as  it  is  not 
e  Hisiderecl  to  be  pi"actical  economy  to  observe  declination  only. 

The  I'cdnctions  of  the  obs(»n'ations  of  the  zodiacal  list,  com- 
I«lete<l  in  1JK)4,  were  carried  on  durinjj  the  past  year  nearly 
to  c(nnph»tioii. 

The  majj:iiitiide  e(iuatibn  in  the  right  ascension  of  the  Eros 
stars  was  invest iirated,  and  the  results  were  published  in  L.  0. 
nuUitin    No.  72. 

Astronomer  W.  J.  IlrssEv's  obsen'ational  work  at  Mt 
Hamilton  before  June  1st  included  about  300  complete  meas- 
ures of  <louble  st^ii-s  and  the  discover^'  of  approximately  100 
new  pail's. 

Dr.  K.  (i.  Aitkf:x's  work  for  the  vear  was  as  follows:— 

(1 )  l,8r)0  ineasuivs  of  double  stars  with  36-inch  telescope. 
The  ()bservin<r-list  included  the  more  important  kno\^Ti  binar>' 
systems,  1:^0  stai-s  discovered,  but  only  partly  measured,  by 
\V.  .J.  UrssKV,  and  the  new  stai*s  discovennl  by  the  obsenvr. 

(  2  )  .'UO  new  (l(>u])le  stars  discovered  with  the  12-  and  36- 
iiicli  telescopes.  These  are  all  under  5",  76  per  cent,  of  them 
undtM'  2  ',  and  M  stars  under  O'/i;").  This  work  involved  the 
examination  of  over  11,000  stars. 

(3)  IMeasun^  of  the  satellites  of  Uranus  and  i^aiurn  and 
Sat<'llite  V  of  Jupitiv  with  the  36-inch  telescope.  Also  ob- 
servations of  eclipse  ]>henomena  of  Saturn's  satellites. 

(4 )  ]\Ieasun»s  of  comets,  a,  d,  and  c  1904  and  a  and  b  1905, 
mostly  with  tlie  12- inch  telescope,  a  few  wuth  the  36-inch 
tel(»sco|><'. 

('(nnputiiKj :  — 

( 1 )  KleiiK^nts  and  ephemens  of  Comet  d  1904. 

(2)  Elliptic  elements  and  ephemeris  of  Comet  e  1904. 

(3)  Orbit  of/?  39r>=(V//  82. 

(4)  Orbit  of  ::  m)S=^  Scorpii. 

(.■))   A  catal(f.irue  of  the  orbits  of  visual  binary  stara 

One  hundred  and  ei«jhty-nin(»  nejrativc^  were  obtained  with 
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the  Crossley  leflMtor,  priucipaUy  by  Dr.  I'ekrine,  iisUooiiirier 
ill  charge  of  the  iustniDient.  They  (!<nia!sted  chiefly  of  photo- 
graphs i>f  the  faint  satellites  of  Jupiter  unil  Saturn  aud  of  the 
satetlitu  of  Neptune.  Those  relating  to  Jupiter  led  to  Dr. 
I'errink's  discovery  of  the  sixth  and  seventh  satellites  and 
furuiifl  the  basis  for  the  determination  of  their  orbits.  From 
June  to  November  the  Crossley  reflector  was  ju  immediate 
eiiarire  of  3fr.  Sebastian  Albrecht,  who  rcobse^^■ed  the  new- 
satellites  after  their  eoujiinetion  witli  the  Sun,  seeuring  a 
C'.nsidei-able  number  of  excellent  pluti's.  lie  also  nbtaim^d  a 
i!V.-  observations  of  Saturn's  ninth  satellite.  The  photographs 
obtained  by  Mr.  jVuirecht  numbered  about  sixty.  Measures 
and  reduction.^  of  several  of  the  summer  plates  were  made  by 
Mr.  AiJBREt'riT  and  Mr.  Smith. 

The  performance  of  the  new  mounting  of  the  Croaslej'  re- 
liietiT.  completed  late  in  1901,  has  fully  met  expectations. 
Dr.  Perrine's  description  of  the  instninient  is  contained  in 
Lick  Observatory  Bulletin  No.  78. 

The  work  with  the  Mills  spectrograph  has  been  prosecuted 
mtinuoualy  throughout  the  year.  The  observational  part  was 
borne  largely  by  Di.  JIoore,  who  was  in  charge  of  the  spectro- 
scopic department  during  the  absence  of  the  eclipse  obseiTcrs. 
Dt.  Cl'RTIS  observed  regularly  during  the  months  that  he  was 
on  the  mountain,  and  Mr.  Burns  assisted  occasionally.  Al- 
together 475  specta'ograms  were  obtained  with  tlie  three-prism 
Mills  spectrograph.  BIr.  K.  Biikns,  Carneyiie  Assistant,  meas- 
ured 398  plates  definitively.  Dr.  Ci'RTis  measured  about  75 
definitively  and  30  approximately,  and  Dr.  Moore  measured 
75  definitively  and  200  approximately.  Dr.  Tiunkh,  of  the 
I'nivcrsity  of  tlie  City  of  New  York,  spent  the  months  of 
July  and  August  here,  assisting  in  the  observations  and  ae- 
[uiring  experience  in  the  measurements  and  general  methods 

radial  velocity  determinations. 

Dr,  CuBTLS  made  a  special  study  of  the  quadruple  system 
of  Castor,  based  on  spectrograms  obtained  with  the  Mills  spec- 
trograph. 

One  hundred  and  fouiteen  spectrograms  were  made  with 
one-prism  instrument:  28  of  X  Saffittarii  and  3  of  Nova 
Iguilae  No.  2,  by  Dr.  Moore  ;  and  34  of  T  Vtdpecvlaa,  40  of 
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Y  Ophiuchi,  and  9  of  C  AquUae,  by  Mr.  Albrecht,  in  eoiiiiee* 
tion  with  his  thesis  work  lookiDg  to  tlie  degree  of  Doctor  of  Phil? 
OBophy.    These  have  neaily  all  been  measured  by  the  observen 

Mr,  J.  D,  MaddhiiJj,  Fellow,  made  observations  with  tb 
Rumford  photometer  as  follows:  Variable  stars  and  tb 
asteroid  JJrda,  118  comparisons  with  several  neighboring  stall 
involving  about  4,800  settings;  Pleiades  standards  on  foW 
nights,  requiring  300  settings;  and  for  the  effects  of  sb) 
illumination,  position -angle,  and"  other  variable  factors,  a 
eight  nights,  involving  400  settings.  Eighteen  eclipses  a 
Jupiter's  satellite  I  were  observed  for  Professor  Newcomb.  Til 
positions  of  Nova  Aqititae  No.  2  and  of  Urda  were  detfirmiM 
with  the  micrometer  of  the  r2-inch  refractor, 

Messrs.  At^recht  and  Bithns  secured  photographs  of  tl 
Sun,  with  the  camera  of  40-foot  focus,  during  the  twenty  daj 
preceding  and  following  the  eclipse  date,  August  30th. 

Mr.  EujOTT  Smith,  Fellow  from  July' 1st,  assisted  in  tfe 
observations  with  the  Crossley  reflector,  in  the  reduction  o 
Dr.  Aitken's  satellite  and  comet  observations,  and  mad 
15  micrometric  obsen-ations  of  comets,  12  of  asteroids,  and 
photograplis  of  Comet  c  190i5. 

Lick  Observatory  Bulletiits  Ntis.  67  to  88  were  publishe 
within  tlie  year. 

No  reference  ia  made  in  tlie  foregoing  abstract  to  a  larg 
number  of  minor  duties  discharged  by  the  members  of  tl 
staff  during  the  year.  "W.  W.  Campbei-u- 

LOWELL  OBSERVATORY,  FLAGSTAFF,  ARIZONA. 

Visual  observations  on  Mars  at  the  last  opposition  wei 
begun  by  the  Director  on  Januarj-  13th  and  continued  unt 
August  15,  1905.  Previous  to  this  obser\-ations  on  the  plant 
were  made  by  Mr.  liAMPL^iND,  beginning  about  the  middle  0 
September,  1904.  As  at  the  earlier  oppositions,  the  observi 
tional  data  consisted  of  drawings,  notes  and  measures.  FrM 
the  experience  gained  by  Mr.  IjAmpland  in  planetary  pbotof 
raphy  on  Jupiter  and  Saturn  during  the  two  years  previoil 
to  this  opposition,  it  was  possible  to  supplement  the  aboi 
data  with  photographs  of  the  canals  and  other  surface  inari 
ings  of  the  planet. 

From  January  13lh  to  August  15th,  the  most  favo 
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months  of  tlic  oppositiou,  the  series  of  di-awiiigs,  notes,  and 
measures  give  nearly  au  unbroken  record  of  the  phenomena 
presented  by  the  disk  from  day  to  day.  Opposition  occurred 
on  May  8th,  so  that  the  series  of  continuous  observations  cover 
a  pwriod  of  about  four  and  three  months  before  and  after  oppo- 
sition respeetively.  Th«  observations  at  this  opposition  eon- 
firm  BJid  extend  those  made  at  the  earlier  oppositions.  In 
particular  may  be  mentioned  the  observations  on  the  double 
canals,  the  varying  visibility  of  the  surface-markings  on  dif- 
ferent parts  of  the  disk  with  the  planet's  season  and  the  canal 
development  brought  to  light  by  the  observations  made  in 
lHf>3.  For  a  detailed  account  of  the  observations  and  discus- 
sion of  the  various  phenomena  reference  is  here  made  to  the 
Annals  and  Bulletins  of  this  observatory. 

A  new  determination  of  the  position  of  the  axis  of  Mars 
will  be  found  in  BvJletin  No.  24.  The  investigation  takes  into 
aeeount  the  determinations  of  Schiaparelli,  Lohse.  Cebulu, 
Struve,  and  all  measures  made  by  the  writer,  including  those 
made  at  the  opposition  of  1905.     (See  Bulletin  No.  34.) 

From  May  10th  until  June  30th,  visual  observations  and 
■  photography  were  carried  on  together.  After  this  photographs 
were  made  at  intervals  until  the  middle  of  July.  The  later 
photographs,  however,  are  much  inferior  to  tlie  earlier  ones, 
due  to  the  smallness  -tf  the  disk  and  the  inereaaed  phase.  Sev- 
eral hundred  images  of  the  planet  were  obtained,  and  a  great 
many  of  these  have  good  definition,  showing  the  caiiaJs  and 
other  surface-markings  distinctly.  A  preliminary  account  of 
the  work  has  been  given  in  Bulletin  No.  21,  and  in  a  paper 
presented  to  the  Royal  Society.  A  word  in  regard  to  the 
quality  of  the  observing  conditions  here  may  not  bo  out  of 
place.  The  steadiness  and  transparency  of  the  atmosphere 
may  be  judged  from  the  large  amount  of  detail  shown  in  the 
planetary  negatives  with  the  large  equivalent  focal  length  used 
(about  148  feet).  As  further  evidence  in  regard  to  the  trans- 
parency may  be  mentioned  the  a<ldition  of  faint  stars  to  the 
chart  of  faint  stars  visible  in  the  large  telescopes  of  tlie  Har- 
vard, "Washington,  and  Lick  observatories.  (See  Popul-ar 
^  Astronomy,  Vol.  XIII,  No.  7.) 
During  the  period  covered  by  the  Mais  oliservations  Venus 
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was  observed  from  time  to  time,  taking  advantage  of  the  nuwt 
perfect  conditions. 

Various  theories  have  been  advanced  from  time  to  tiuie 
cxplaininjr  certain  Martian  phenomena,  notably  the  double 
canals,  as  being  optical  products  of  one  sort  or  another,  or 
illusions.  It  has  been  deemed  important  to  investigate  these 
theories  critically  in  order  to  obtain  definite  knowledge  of  the 
true  value  of  Martian  observational  data  and  the  deductions 
made  fi-om  them.  Theory  and  experiment,  at  the  telescope 
and  elsewhere,  as  well  as  the  direct  results  of  obsen*ation, 
applicable  as  criteria  for  tests  of  these  theories,  show  con- 
clusively that  the  phenoniena  in  question  cannot  be  spurious 
results  of  o})servat1on.  Bearing  dire«tly  on  the  problem  of  the 
double  canals,  the  separative  power  of  glasses  has  been  dealt 
with  from  the  standpoint  of  theory  and  experiment  in  Bulletin 
No.  5,  and  in  Popular  Astronomy  (Vol.  XII,  No.  9).  The 
diplopic,  interference,  and  illusion  theories  have  been  discussed 
in  detail  in  Bulletin  No.  15. 

The  prngrarnme  of  spectroscopic  work,  in  charge  of  ilr. 
Si.iPiiER,  has  included:  (a)  Investigations  on  the  spectra  of 
the  i)lanets  Vcnua,  Mars,  Jupiter,  and  four  brighter  satellites 
^Snturu,  l-rauus,  and  Neptime—tor  study  of  their  atmos- 
pheres. By  the  use  of  isochromatic  plates  and  specially  pi-ep- 
I)are(l  plates  sensitive  to  a  large  part  of  the  less  refranirible 
region  of  the  spectrum,  it  was  possible  to  photograph  the  six^c- 
tra  of  thc^e  planets  far  into  the  red,  including  the  region  in 
which  aluiosphoric  absorption  bands  exist.  For  comparison- 
sjx'ctruin  that  of  the  ]\Iioon  or  Sun,  at  an  equal  altitude,  has 
always  been  used,  with  exposures  producing  as  nearly  as  possi- 
ble the  sanie  density  of  deposit  as  that  of  the  planet.  Hyirn>- 
iiH'trie  conditions  were  also  carefully  considered  in  this  work, 
so  that  the  relative  intensities  of  the  absorption  bands  in  the 
two  sourecs  niitrbt  be  directly  comparable.  For  a  detailed 
dis(Missi(m  of  tln'se  results  the  reader  is  referre<l  to  BuUctin^i 
Nos.  r^,  h\  and  17.  ih)  Radial  velocity  determinations  have 
included  a  short  niiseellaneous  list-  of  stai*s  and  the  ten  staii- 
dai'd  velocity  stni-s  proposed  by  Professor  Frost  {Astroplnfsi- 
cal  JouniaL  Vol.  XVI,  p.  ir)9).  The  published  results  of  this 
work  will  b<'  fcumd  in  Bullrflns  Xos.  11  and  23,  and  in  the 
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Diiring  Jmiuary  and  February  of  tliia  yt'nr  Mr.  Lampi-vnd 
has  iiiank'  a  a-rics  o£  na-aaures  fur  [iiwitioii  on  tlie  sixth  Hatel- 
littf  of  Jujiiter. 

<jeiii'nil  ci.'li"stial  phiitiitjniphy  hikI  iiiicroiii<.'trii'  work  has 
berii  c»rric(l  on  hy  Mr.  DrNiAN,  IjHwrence  Fellow  at  this 
iilwr\'atnry.  Photographic  work  for  ehartinj:  purposes  was 
I'.oiii'  with  the  24-inch  refractor  and  a  largi'  portrait-iens  mount- 
itl  on  its  tube.  The  photograjihs  with  the  visual  teleseope 
were  made  in  the  foeal  i)lane  on  iscchromatic  plates  without 
color  screen,  the  seeondarv  -spt'etnim  of  all  but  the  bnghtest 
stars  being  too  faint  to  affect  perceptibly  the  plate. 

Mr.  DrNrAN  made  a  scries    of    photographs    of    Comet 

I  190.T  KfiAcoBiNi)  with  the  large  portrait-lens  anti  a  smaller 

lens  of  about  8  inches  focal  length.     These  platiMs  show  the 

development  of  the  comet  fnim     the  firat  appearance  of  the 

I  tail  until  a  short  time  before  perihelion  passage,  when  the  tail 

I  was  shown  to  have  attained  a  length  of  over  eleven  degrees.   A 

^Mries  of  measiut's  of  cornels  (iiAroBijji,  BacMtRw,  and   Kupff 

»  still  in  progress. 

In  May,  1905.  the  old  Bond  spring  jiovernor  driving-cloek 

fftf  the  24-inch  telescope  was  repliiced  by  a  large  and  powerful 

wk  of  the  conical-pendulum  type,  made  by  Wm.  Ciahbtnf.b 

J  Co.,  of  Chicago.     The  excellent  perfomianee  of  this  clock 

Sontribnted  largely  to  the  sucess  in  obtaining  the  photographs 

[  the  canals  of  Mars. 

The  varicl  programme  of  spectroscopic  work  carried  on 

makes  it  neci-ssary  that  the  spectmgraph  be  ad  instable  for  work 

in  dilTerent  regions  of  the  spectfuni.     Tlie  original  mounting 

of  the  prisms  did  not  give  the  rigidity  and  stability  required, 

aless  the  clamping  screws  on    thi'  top  plate  of    the  pri.sra 

louBtings  were  screwed  down  so  tight  that  the  pressure  de- 

poyed  the  homogeneity  of  the  prisms.  To  remedy  this  defect 

lie  instrument  is  being  njmodeled  by  IjR.vsnEAR,  according  to 

»igDS  by  Mr.  Si-ipiier.     The  prisms  are     being  remountefi 

aid  the  collimator  provided  with  a  cwrvixl  slit. 

The  monnting  of  the  6-ineh  Clark  refractor  is  being  re- 
todeled  and  provided  with  drivintr  mechanism,  in  the  liope 
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that  this  instrument  may  be  utilized  as  a  guiding  telescope  fbl  _ 
photographic  work  with  portrait  lenses. 

Percival  Loweu.,  Direcfnr. 

NAVAL    OBSEBVATORY,    MARE    IRLAND,    C\UPOaNIA. 

The  equipment  of  the  obseivatorj'  consists  of  two  StW 
pole  bi-oken-back  transits     used  in     the  time  service;     foB 
standard  clocks,  two  sidereal  and  two  mean-time,  and  a  meaUrS 
time  transmitter  used  in  sending  out  tire  time;  and  a  o-iDclll 
CJark  refractor  of  the  type  devised  for  observing  the  trai 
oE  VfHiis.    In  aildition  to  tli»!se  instnimonts  there  are  othei 
used  in  nautical  and  meteorological  work  and  a  large  numbc 
of  chronometers  belonging  to  the  Navy. 

The  observatorj'  was  established  primarily  for  fumbhi^ 
the  time  to  the  Navy  Yard  and  the  west  coast,  and  for  inve 
tigating  the  rates  of  chi-ononielers.  The  time  is  furnished 
daily,  except  Sundays  and  holidays,  to  the  Western  Union 
Telegraph  Compajiy,  and  goes  over  the  wires  as  far  eaat 
as  El  Paso,  Texas,  and  Omaha,  Nebraska;  so  that  it  reaches 
all  points  west  of  tlie  Rocky  Mountains. 

During  the  year  fi-om  fifty  to  one  hundred  chronomelers 
ai-e  investigated  and  issued  to  the  naval  service.  Some  of 
tliese  are  issued  to  ships  of  the  Pacific  fleet,  assigned  to  ihe 
west  coast  of  the  United  States,  but  i-ather  more  go  to  th^ 
Naval  Station  at  Cavite,  Philippine  Islands,  for  the  use  e 
the  Asiatic  fleet. 

A  new  observatory  with  more  complete  equipmenl  1 
been  recommended  for  several  yeai-s,  but  provision  for  it  ll 
not  yet  been  made  by  Congress.  T,  J,  J.  I 

SOIiAR  OBSRBVATOBY  OF  THE  CARNEGIE  INSTITtlTION  OP 
WASHINGTON,  MT,  WIL-SON,  CALITORNIA, 

The  purpose  of  the  Solar  Observatory  may  be  defined  f 
follows:—' 

f  1)  The  investigation  of  the  Sun  (o)  as  a  typical  star,  £ 
C'unection  with  the  study  of  stellar  evolution:  (6) 
central  body  of  the  solar  system,  with  .special  reference  to  pa 
siblc  changes  in  the  intensity  of  its  heat  radiation,  such  I 
might  influence  the  conditions  of  life  upon  the  Earth. 
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(2)  The  choice  of  an  effective  mode  of  attack,  involviug 
(a)  the  application  of  new  methods  in  solar  research;  (6)  the 
icvestigatioii  of  stellar  and  nebular  phenomena,  especinlly  snch 
as  are  not  within  the  reach  of  existing  instruments;  and  (c) 
the  interpretation  of  these  celestial  phenomena  by  means  of 
laboralcry  experiments. 

(3)  The  design  and  construeUon  of  a  large  retleeting 
telescope  and  of  new  types  of  instruments  peculia.rly  adapted 
for  the  purposes  in  view,  with  special  reference  to  the  pus- 
sjbilities  of  research  through  the  atudy  of  celestial  objects 
under  laboratorj'  conditions.' 

t(4)  The  accomplbhment  of  the  foregoing  purposes  at  a 
Kte  where  the  atmospheric  conditions  have  been  showii  to  be 
MceptionalJy  favorable:  Mt.  Wilson  (5,886  feet),  in  South- 
BRi  California,  (lat.  +34"  13'  26";  long.  W.  118°  3*  40"). 
(5)  The  furtherance  of  international  co-operation  in  astro- 
physical  reseai-ch  through  the  invitation  to  Mt.  Wilson,  from 
time  to  time,  of  investigators  specially  qualified  to  take  ad- 
vantage of  the  opportunities  afforded  by  the  Solar  Observa- 
H  lory, 

^ft'  Staff.— "My  principal  associates  on  3It.  Wilson  ate  ¥er- 
^mavAsa  Ellerhan  and  Walter  S.  Adams,  assistant  astrono- 
^Uiers,  and  Henry  G.  Gale,  assistant  physicist.  Mr.  Adams 
^Fliss  been  appointed  superintendent  of  the  computing  division, 
Jj  and  the  staff  of  computers  is  now  being  organized.  At  the 
Pasadena  inst.rument-shop  the  work  of  construction  is  carried 
on  under  the  supervision  of  Professor  G,  W.  Ritchey.  astron- 
omer and  anperintendent  of  instrument  construction. 
L  Professor  WiNSixm  Upton,  Director  of  tlie  Ladd  Ob- 
H'lwrvatory  of  Brown  University,  and  Professor  L.  H,  Gilmore, 
^KiOf  Throop  Polytechnic  Institute,  were  engaged  in  special  work 
^nfet  the  Solar  Observatorj-  during  the  summer  of  1905. 
^F  During  1905  the  following  espwiitions  have  conducted 
^nbservations  on  Mt.  Wilsiin  in  co-openition  with  the  Solar 
^^pbservatory  :— 

^H     Hooker  Expedition  — Edwakd  E.  Barnard,  astronomer  of 
^■tfip  Yerkes  Observatoiy,  in  charge. 
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Smithsonian  Expedition— Charles  G.  Abbot,  aid  acting 
in  charge  of  the  Smithsonian  Astrophysieal  Observatory,  in 
charge;  Leonard  R.  Ingersoll,  University  of  Wisconsin, 
assistant. 

Investigations  in  progress.— AHhough  the  programme  of 
observations  must  naturally  be  a  restricted  one  until  the  com- 
pletion of  the  instrumental  equipment,  it  has  nevertheless  been 
possible  to  commence  systematic  work  in  five  departments: 

(1)  daily  photography  of  the  Sun  with  the  photoheliograph; 

(2)  daily  photography  of  the  Sun  with  the  spectroheliograph ; 

(3)  photography  of  the  spectra  of  sun-spots  and  flocculi;  (4) 
photography  of  stellar  spectra  with  a  spectrograph  of  hij^h 
dispei*sion ;  (5)  laboratory  investigations.  The  Snow  tele- 
scope has  Iwen  employed  in  all  of  the  solar  and  stellar  work; 
various  tests  of  this  instrument  have  been  described  in  previous 
numbei's  of  the  Publications  of  the  Astronomical  Society  of 
the  Pacific. 

Work  with  the  spectroheliograph,— A  temporary  spectro- 
heliograph, built  for  use  with  the  Snow  telescope  pending  the 
C(»nst ruction  of  the  5- foot  spectroheliograph,  gave  excellent 
result>s  during  the  summer  of  1905.  The  new  5-foot  spectn)- 
heliograph  was  completed  in  our  instrument-shop  and  set  up 
on  ]\It.  Wilson  in  October.  A  description  of  this  instnunent 
has  ])(*eu  pu])lislied  in  Contributions  from  the  Solar  Obscrva- 
torii,  Xo.  7,  (Astrophysieal  Journal  January,  1906).  Its  prin- 
cipal advantages  over  the  Kuniford  spectroheliograph  are  the 
iait:ri*  apoHuiv  of  the  collimating  and  camera  objectivi^, 
ohviatinir  loss  of  light  at  the  Sun's  limb;  the  possibility  of 
])hoto*rrapliinir  the  entiiv  disk  witli  high  dispersion;  the  ease 
oi  attaehiiiL^  slits  of  different  curv-aturea;  the  possibility  of 
usin*r  from  one  to  four  prisms,  and  either  one  or  two  mirn^i'S 
ill  th<'  optical  train;  the  wide  range  of  speed  afforded  by  the 
driviuii'  meehaiiisni :  the  eliniinaticm  of  the  danger  of  distortion 
arisinu  from  iiiiperf(*et  synchronism  in  the  motion  of  s*>lar 
inia«ie  and  ])late:  and  the  ease  of  nuinipulation  due  to  the  gen- 
eial  di'si'^n  and  the  iinj)rovenient  of  details. 

The  new  speetroheliograph  has  been  in  regidar  use  since 
Oetober  loth.  Photo<:raphs  of  the  Sun  taken  daily  include 
Hi  plates,  Ha   plates,  and  hydrogen  plates.    Photographs  of 
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the  prominences  are  also  taken  regularly  when  eireiimstanceB 
permit.  During  the  broken  weather  of  the  rainy  seaeon,  whpii 
the  conditions  are  less  favomble  thiin  in  the  summer  months, 
the  daily  series  is  necessarily  interrupted.  At  present  experi- 
ments are  in  pn>gres.s  with  high  dispersion,  using  four  prisms 
in  the  optical  tiain.  In  certain  flasses  of  work  the  advantages 
of  sueh  high  dispersion  are  very  considerable,  and  it  can  soon 
b*;  determined  what  syHteiimtic  work  in  phologi-aphin^  the 
Sun  with  the  dark  lines  can  \w  undertaken  to  advantage  with 
this  instrument.  It  has  been  found  that  two  prisms  suffice 
to  give  good  photographs  of  the  hydrogen  floeenli,  on  account 
ol  tlie  high  dispersion  of  the  prisms  employed  an<I  the  con- 
sid'erable  focal  length  of  the  spectitiheliograph.  Good  photo- 
'  graphs  of  the  iron  tioeeuli  made  with  the  line  A404ii  are  also 
taken  frejinentiy  with  the  saiue  dispeiinon. 

The  hydrogen  photograph."*  are  of  special  interest,  as  they 
are  the  firat  to  show  the  dark  hydrogen  flocculi  over  the  entire 
disk  of  the  Sun.  In  photographs  made  with  tlie  Rumford 
«peeti'oheIi<^raph  the  hydrogen  fioceiili  are  shown  only  in 
comparatively  narrow  zones.  Several  new  phenoniena  of  con- 
tdderable  interest  have  been  bi-onght  out  in  the  recent  work. 
It  has  been  ascertained  that  sun-spota  on  bydragen  plates  are 
frequently  surrounded,  wholly  or  partially,  by  a  narrow  ring 
of  bright  hydrogen  floeenli,  lying  just  outside  of  the  penumbra. 
Since  ordinao'  hydrogen  flocculi  are  dark,  such  bright  rings 
are  likely  to  prove  of  significance  when  syatematically  studied. 
They  seem  to  have  no  counterpart  on  the  photographs  of  cal- 
cium flocculi.  Very  dark  hydn)gen  flocculi,  found  in  only  one 
or  two  instances  on  the  Hiuiifoid  spectroheliograph  plates,  are 
very  common  on  the  Mt.  Wilsini  photographs.  These  flocculi, 
which  are  mneh  darker  than  the  ordinarj'  hydrogen  floc^'uli, 
have  been  long  and  narrow  in  form  in  all  cases  hitherto  en- 
countered. Photographs  of  the  //S  and  //*  lines  show  that  they 
are  much  sti-engthened  and  widcneil  in  tliose  flocculi.  A  veiy 
significant  fact,  which  cimfitms  the  view  we  have  held  re- 
garding the  natui-e  of  these  olijeets,  is  the  wiilcning  and 
strengthening  of  the  IT,  and  Kg  lines  at  the  same  points  on 
the  Sun.  In  a  paper  on  the  Riunfopd  spectrohel  it^rraph  (Piifc- 
l%cation.i  of  the  Yerkes  Obsm-ntor^i,    Vol.  \\\,  "S^o.  \^,    oti 
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illustration  was  piven  of  a  dark  calcjiim  flocculus  correspond- 
ing with  one  of  these  very  dark  hydrogen  flocculi.  The  spec- 
trum of  such  objects  hwd  not  then  been  photographed,  but 
there  seemed  to  be  no  doubt  that  this  particular  form  of 
hydrogen  flocculus,  at  least,  must  lie  at  the  II,  level.  Thia 
supposition  is  now  conflrmed. 

The  eonstruction  ni  the  30-foot  spectroheliograph  has  bern 
greatly  delayed  on  account  of  the  difficulty  of  obtaining  suit- 
able prisma  of  the  large  aperture  retiuired.  It  has  now  been 
found  necessary  t«  experiment  with  a  new  form  of  prism, 
which  will  be  built  up  of  a  series  of  horizontal  slabs,  made 
from  telescope  disks  of  a  single  melting.  There  is  reasrni 
to  believe  that  on  account  of  the  ease  of  annealing  these  thin 
plates,  prisms  can  be  constructed  in  this  way  which  will  give 
better  results  than  large  prisms  of  a  single  blocJt  of  glass. 
There  will  of  course  be  a  small  loss  of  light,  due  to  the  man- 
ner of  building  up  the  prisms,  bnt  this  should  not  be  at  all 
serious. 

Spectra  of  sun-spots  and  //occwli.— The  widened  liuea  in 
the  spectra  of  sun-spots  have  been  successfully  photographed 
in  the  third  and  fourth  order  spectra  of  a  powerful  Littrow 
spectrograph,  having  a  combined  collimator  and  camera  lena 
of  eighteen  feet  focal  length.  The  widened  liuea  are  well 
shown  in  these  phot/igraphs,,  as  well  as  the  fainter  lines,  firet 
found  by  Young's  visual  observations  bo  constitute  the  gen- 
eral band  of  absorption  in  spot-spectra.  The  results  and  con- 
clusions derived  from  a  study  of  the  lines  affected  in  the 
photographs  are  given  in  Contributiotis  frovi  the  Solar  Obser- 
vatory, No,  5.  (Astropliysical  Journal.  January,  1906),  A 
summary  of  thia  paper  appeared  in  a  lecent  number  of  the 
Pxiblications  of  the  Astro'iiomical  Society  of  the  Pacific. 

Mr.  Adams  has  made  a  special  study  of  the  H  and  K 
lines  ami  the  motion  of  the  calcium  vapor  in  the  flocculi.  The 
measures  of  H^  and  Kg  show  a  general  tendency  to  a  displace- 
ment of  this  line  toward  the  violet,  which  would  correspond 
with  an  ascending  motion  of  the  high-level  calcium  vapor. 
Further  measui-es  will  lie  refjuired,  however,  before  final  con- 
clusions can  be  drawn,  Hj  and  Kj  also  show  a  displacement 
toward  the  violet.    The  detailed  results  may  be  found  in  Con- 


Htun 


Astronomical  Society  of  the  Pacific.  161 

Iributions  from  the  Solar  Observatory,  No.  6,  i^Astrophysical 
Jmirnal,  January.  1906). 

Stellar  Spectroscopy. ^One  of  the  principal  objects  of  the 
Solar  Observatory  is  to  secure  photographs  of  the  spectra  of 
e*^rtain  bright  stars  with  a  high-dispereion  spectrograph,  on 
ft  scale  comparable  with  that  of  Rowi-and's  photographs  of 
tlie  solar  spectnun.  The  spectrograph  used  with  the  Snow 
telescope  has  collimating  and  camera  lenses  of  5  Inches  aper- 
ture and  13  feet  focal  length,  mounted  rigidly,  with  the  slit-, 

iting  or  prism  train,  and  plate-hoMer,  on  a  single  massive 
me  pier.  With  the  aid  of  a  large  plane  grating,  for  the 
hieh  we  are  indebted  to  the  kindness  of  Profeasor 
Ames  of  Johns  Hopkins  University,  the  bUie  region  of  the 
first-order  spectnim  of  Arclurtm  was  photographed,  hut  an 
exposure  of  fourteen  houre  on  three  aucoeswve  nights  was 
neeessary.  During  this  time  the  gi-ating  was  automatically 
maintained  at  a  constant  teniperature.  On  account  of  the  long 
exposures  required,  it  was  thought  advisable  to  experiment 
with  prisms  in  place  of  the  grating.  Two  of  the  large  prisms 
of  fi3'  angle  (Jena  glass  0.102).  belonging  to  the  5-foot 
speetroheliograph.  were  accordingly  used  \vith  a  single  mirror 
in  place  of  the  grating.  Although  the  prisma  were  not  large 
enough  to  receive  more  than  one  half  of  the  light  fi-om  the 
eollimator  lens,  the  resulting  photographs  were  made  with 
jHueh  less  expiisure  tJrae  than  was  required  in  the  ease  of 
the  grating,  while  at  the  same  time  the  linear  disiiersion  is 
also  considei'ably  greater  with  the  prisms.  If  the  plan  already 
mentioned,  of  conntrueting  prisms  of  comparatively  thin  hori- 
zontal slabs,  gives  satisfaetory  residts,  it  Is  probable  that 
pi-isms.  instead  of  a  grating,  will  be  employed  in  the  high- 
dispersion  stellar  spectrograph  wliich  is  to  be  used  with  the 
5- foot  reflecting  telescope. 

In  a  stody  of  the  less  refrangible  portion  of  the  spectrum 
of  a  Oriojtis,  which  was  photographed  by  Adams  with  the 
Snow  telescope  and  the  ^ectrograph  just,  described,  using  a 
single  prism,  many  of  the  lines  which  are  widened  in  sun-spots, 
while  absent  or  faint  in  the  solar  spectrum,  have  been  found 
t'i  be  greatly  strengthened.  This  tends  to  confirm  conclusions 
ri'nched  in  a  stndy  of  stellar  spectra  of  the  third  and  fourth 
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types  with  the  40-inch  Yerkes  telescope  {Publications  of  the 
Yet'kes  Observatory,  Vol.  II.). 

Spectroscopic  laboratory.— The  spectroscopic  laboratory 
on  Mt.  Wilson  has  recently  been  completed  and  investigations 
have  been  undertaken  by  Mr.  Qai^e  and  myself  on  the  beha\ior 
of  the  lines  of  titanium,  iron^  and  other  substances,  which  are 
widened  in  sun-spots,  in  a  magnetic  field,  under  varying  self- 
induction,  etc.  The  equipment  of  the  laboratory,  which  has 
been  specially  desi<?ned  for  work  of  this  nature,  includes  a 
powerful  Du  Bois  magnet  for  the  Zeeman  effect,  apparatus 
for  producing  arc  and  spark  spectra  at  low  and  high  pressures 
and  in  various  gases,  etc.  The  various  light  sources  are  ar- 
ranired  on  the  circumference  of  a  circular  pier,  in  such  a  way 
that  light  fi-om  any  source  can  be  reflected  from  a  central 
plane  mirror  to  a  concave  mirror  which  forms  an  image  of  the 
source  on  the  slit  of  a  long- focus  Littrow  spectrograph. 

Computing  division. — An  addition  to  the  office  and  instru- 
n;ent-shop  building  at  Pasadena,  providing  space  for  comput- 
ing o(!ic<»s,  is  under  construction.  A  globe  measuring-machine, 
-for  the  rapid  deterinination  of  the  heliographic  positions  of 
sun-spots  and  floccnii,  will  soon  be  in  use.  In  the  first  design 
the  solar  j)li()t()grai)h,  obsei'ved  from  a  distance  of  60  feet  with 
n  4-iiich  t('li*sc*()j)(\  was  ()j)tieally  superposed  on  a  silvered  globe 
I  iiliMJ  witli  meridians  and  parallels  one  degree  apart  and 
iMountetl  so  that  its  axis  (*ould  be  placed  parallel  to  the  Sun's 
axis  foi*  the  date  of  tlie  pliot-ograph.  This  gave  good  measures, 
but  another  and  iiion*  ])reeise  method  of  measurement  suggest- 
(  d  itself  as  the  ivsult  of  experiments  with  this  instrument.  In 
the  nioditied  apparatus  settings  will  be  made  on  the  flocculi 
with  eross-liaiiN  exaetly  as  would  be  done  in  a  measuring- 
iriaehine.  The  eross-haiis  will  then  be  observed  in  projection 
on  tlie  glohe,  whieh  will  be  revolved  in  latitude  and  longi- 
tude until  a  point  on  it,s  surface  coincides  with  their  intersec- 
tion. 'J' he  leadings  of  two  eireles  on  the  globe  will  then  give 
the  desii-ed  latitude  and  longLude.  Other  instruments  pro- 
vided  for  tin*  ('oini)uting  Division  rnelude  a  Zeiss  stereocom- 
Daratoi-,  niea.sui-in^r-niaehines  foi-  spectra,  and  for  rectangular 
co-ordinates,  ealeulating  machines,  etc.  It  is  hoped  that  this 
department  of  the  ohsei-vatory  will  soon  be  completely  or- 
irani:«MJ. 


Astrviiorniciit  Sui 


I.J  uf  llw  hinfu: 


1GB 


Smithsonian  cx/tctiiiioit.— For  sonir  yi^ars  SecrL^tary  Lang- 
ley,  of  the  Smithsonian  Institution,  had  beeu  planiiiug  to  send 
&a  expedition  to  a  mountain  station  for  the  purpose  of  meas- 
uring the  solar  constant,  with  special  refei-ence  to  its  possible 
variability.  At  the  iuvitation  of  the  HoJar  Observatorj-,  the 
expedition  was  sent  to  Mt.  Wilson,  in  charge  of  Jlr,  C.  G. 
ABBfjT,  and  remained  there  from  May  until  November,  1905. 
The  conditions  pwved  to  be  extremely  satisfactory  for  the  bol- 
oyraphie  and  pyrhelioinetrie  work,  and  Mr.  Abbot,  who  was 
a.'sist^d  by  Mr.  Inqersoll,  secured  a  lai-ge  number  of  observa- 
tions, which  are  now  in  course  of  reduction.  It  is  hoped  that 
arrangements  can  be  made  to  continue  this  work  in  future 
years. 

Pufe/i'f«(i';/i,*,— The  pnblii'-afions  of  the  8oIar  Obsen-atory 
already  issued  include  the  following  papers: 
Contributions  from  the  Solar  Observutunj- 

No.  1.     A  Study  of  the  Condition.s     for  Siilnr  Research 

at  Mt,  Wilson,  California. 
No.  2.     The  Solar  Observatory  of  the  Camehrie   Institu- 
tion of  Washington, 
A  ProgramniL'  of  Solar  Research. 
No.  4.     Some  Tests  of  the  Snow  Telescope. 
'  No.  .5.     Photographic  Observations  of  the  Spectra  nf  Suu- 
Spots. 
No.  6.     Some  Notes  on  the  H  and  K  Lines  and  the  Mo- 
tion of  the  Calcium  Vapor  in  the  Sun. 
No.  7.     The  Five-Foot  Spectroheliograph     of  the     Solar 

Observatory. 
Report  of  Director  of  the  Solar  Observatory,  Mt.  Wilson, 
California     (Prom     Yenr-Biiok     No.  4     of  the 
OameKie  Institution  of  AVa.shingtou). 
Pasadena  instrument-shop.— Ihf  work  of  instrument  eon- 
rtion  has  gone  on  very  succeisfully  at  the  instrnmeut-shop 
'"in  Pasiidena  under  the  direction  of  Professor  BiTCiiEY.    The 
apparatus  already  constructed  includes  a  spectroheliograph  of 
8  inches  aperture  and  ■'>  feet  focal  Icntrth;  a  stellar  spectro- 
graph of  5  inches  apeitiire  and  13  feel  focal  length;  a  solar 
speetroeraph  (I.ittrow  type)  of  6  inches  aperture  ami  Ifl  feet 
focal  length:  a  spectroheliograph  temporarily  used  with  the 
Snow  telescope:  a  globe  machine  for  mea.suriua  solar  photo- 
graphs;  apparatus  for  Ihi'  study  of  spark  spectra  in  air  and  in 
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liquids;  and  many  other  miscellaneous  instruments  and  ap- 
paratus used  in  conjunction  with  the  Snow  telescope  and  in 
the  physical  laboratory  on  Mt.  Wilson.  Much  work  has  also 
been  done  on.  the  mounting  of  the  5-foot  reflector  and  in  figur- 
ing concave  and  plane  mirrors. 

Fire-Foot  re  fleet  or.  ^Hhe  5-foot  mirror,  which  had  been 
fine-ground  by  Professor  Ritchey  at  the  Yerkes  Observatory, 
was  brought  out  to  Pasadena  last  spring.  It  is  now  being 
figui-ed,  and  the  special  precautions  which  Professor  Ritchey 
has  taken  promise  to  yield  excellent  results.  The  perfect 
e^iuipment  of  the  optical  laboratory  and  the  provisions  made 
for  maintaining  the  air  at  constant  temperature  and  for  ex- 
cluding dust  render  the  conditions  for  work  extremely  satis- 
factory-. The  heavy  parts  of  the  mounting  have  been  prac- 
tically completed  by  the  Union  Iron  Works  Company  of  San 
Francisco,  and  will  soon  be  set  up  in  a  house  erected  for  this 
purpose  near  the  instrument-shop  in  Pasadena.  The  driving- 
clock  and  other  parts  of  the  mounting  are  under  construction 
in  our  own  shop,  and  the  entire  work  of  completing  the  instru- 
ment and  of  testing  it  in  actual  observation  will  be  carried  out 
before  it  is  sent  to  Mt.  Wilson.  The  steel  building  and  dome 
v.liieh  will  eont^iin  the  telescope  are  being  constructed  by  the 
I'nion  Iron  Works  Company. 

(lEORGE  E.  Hale,  Director. 

STroKXT  s  (>bsp:kvat()ry,    berkei^ey    astronomical,    depart- 
ment, t:niversity  of  californlv. 

This  report  eoveis  the  period  from  January  1  to  December 
31,  1905. 

On  July  1st  Dr.  A.  F.  Gillihan  resigned  his  position 
a*  Assistant  in  Pnu^tical  Astronomy  to  devote  his  time  to 
privatt^  work.  In  i-ecognition  of  his  valuable  ser\-ices  in  con- 
nection with  the  designing  and  construction  of  the  new  equip- 
ment of  the  observatorv  he  was  given  an  appointment  as  hon- 
orary assistant.  The  position  vacated  by  him  was  filled  by 
the  appointm<?nt  of  'Mr.  Stitrla  Einarson,  a  graduate  of  the 
Univeisitv  of  ^Minnesota. 

^liss  A.  M.  IToiJK.  who  has  been  an  assistant  at  the  ob- 
servatoiy  for  a  number  of  years,  resigned  her  position  on 
Deeeniber  1st  to  accept  an  appointment  at  the  Lick  Obser\'a- 
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ttry  as  Carnegie  research  assistanl.  Her  work  on  the  Wataon 
asteroids  is  being  continued  by  Mr.  A.  J.  Ciiampreux,  Assist- 
aut  in  the  Department  of  Mathematics. 

The  regular  staff  of  the  obser^'atory  consists  of  the  Director, 
one  instructor.  Dr.  Rl'ssell  Tbacy  Cbawkukd,  and  Mi-.  Einar- 
Sva,  the  assistant.  The  observatory  is  very  fortunate  in  re- 
ceiving a  large  amount  of  voluntary  service  from  Dr.  GlLU- 
HAN,  Dr.  Bi:rt  L.  Newkikk,  Instructor  of  Matliematics  and 
Watson  Assistant  in  Astronomy,  and  Mr  .A.  J.  Champreux. 

The  principal  function  of  Uie  observalorj'  being  that  of 
instruction,  the  members  of  the  department  are  able  to  devote 
tbemselvea  to  astronomical  investigations  only  under  great 
pressure  of  time.  Nevertheless,  we  have  cause  to  be  greatly 
gratified  with  the  resi^arch  work  that  has  been  accomplished. 

The  total  number  of  enrollments  in  the  department  waa 
two  hundred  and  eighteen,  and  the  number  of  different  coui-ses 
offered  was  fifteen.  That  the  members  of  the  department  are 
pressed  for  time  in  their  own  investigations  is  apparent  from 
the  fact  that  practically  all  of  the  instruction  Is  given  by  the 
Director  and  one  instructor,  the  time  of  the  only  assistant 
Ijeing  absorbed  by  ohfiervulory  duties. 

The  only  important  additions  to  the  equipment  of  the 
observatory  are  the  camera-boxes  for  the  five-  and  six-inch 
photographic  lenses  which  have  been  completed.  A  few  details 
affecting  the  convenience  of  manipulation  of  the  instnmient 
remain  to  be  provided  for.  A  preliminaiy  measurement  and 
n?duction,  by  Dr.  Newkikk,  of  a  plate  made  with  the  six-inch 
lens  (equivalent  foca]  length  32")  indicates  tliat  a  portion  of 
a  well-defined  object  can  be  obtained  from  the  measurement 
of  a  plate  made  with  this  instrument  with  an  accuracy  of 
about  a  second  of  are. 

Instruction  is  given  chiefly  to  three  classes  of  students.— 
liz.,  to  those  who  elect  the  study  of  asti-onomy  for  culture 
purposes,  to  those  who  take  up  practical  astronomy  as  a  part 
of  the  engineering  cnrrieuluni,  and  to  a  select  few  who  desire 
a  thorough  training  for  tlie  pn)fe»iion,  either  as  practical  or 
theoretical  astionomers,  astrophysicists,  or  geodesisla. 

There  are  now  not  less  than  five  graduate  students  in  the 
University  who  are  preparing  for  the  degree  of  Doctor  of 
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Philosophy  in  Astronomy.  Three  of  these  hold  fellowships 
in  the  Lick  Obsen^atory,  and  spend  one  semester  each  year  in 
graduate  work  at  Berkeley.  One  holds  a  position  as  Car- 
negie Research  Assistant  in  the  Lick  Observatory.  Tm'o  of 
the  five  are  specializing  in  astrophysics,  the  other  three  in 
celestial  mechanics.  A  thorough  training  in  practical  astrono- 
my is  offei-ed  both  at  the  Lick  and  the  Students'  obser\'atories. 

The  principal  work  of  research  of  the  Director  has  been 
or:  the  impmvement  of  the  methods  for  computing  orbits,  of 
comets,  asteroids,  and  satellites.  The  theoretical  results  of 
these  investigations  ai*e  as  yet  unpublished,  but  frequent  prac- 
tical applications  have  been  printed  during  the  year  in  the 
Lick  Observatory  Bulletin  by  Dr.  Crawford  and  graduate 
students  who  take  an  active  part  \n  these  investigations.  The 
new  results  include  an  adaptation  of  the  short  method  to  the 
dirwt  computation  of  a  parabola  for  comets  and  of  a  circular 
oi'bit  for  asteix)ids,  and  other  modifications  to  meet  special 
conditions.  The  new  parabolic  method  has  been  applied  to 
each  of  the  three  new  comets  of  the  year.  For  Comet  a  1905 
two  orbits  were  computed  from  a  short  and  a  long  arc  by 
Dr.  Ck.\wf()rd  and  Mr.  ]M.\ddrill.  They  announced  the 
ellipticity  of  the  orbit  soon  after  discovery.  For  Comets  b 
und  i\  two  orbits  each  from  a  short  and  long  arc  w^ere  derived 
by  ])v.  Chawfori)  and  Mr.  Citampreux.  Comet  6  also  ap- 
pears to  b(»  periodic.  An  extension  of  the  short  method  was 
derived  from  the  solution  of  an  osculating  orbit  of  a  e4>met, 
nsteroid,  or  sntellite  in  eases  wliere  these  bodies  are  subjected 
t(»  lar^n^  peHurhations  durin^j:  the  period  over  which  the  ob- 
s<'rvalions  ext(Mid.  The  new  method  permits  of  the  detennina- 
ti<iii  (»f  an  oseidatini::  orbit  from  »reocentric  obseiTations  of  a 
material  point  movinir  under  the  attraction  of  thn»e  or  more 
bodies.  An  applieation  of  this  methiKl  has  been  made  to  the 
seventh  satellite  of  Jupifw  by  Dr.  Crawford  and  Mr.  Cham- 
pKKi'x.     The  ri'sidts  aie  publisiied  on  another  page. 

(*onsidei-al)le  proirress  has  been  made  on  the  perturbaitions 
and  tables  of  the  Watsoii  as-teroids.  The  chief  aujsistants  dur- 
ing: tiie  year  in  this  work  were  Dr.  NEWKmK  and  Miss  Hobk. 
In  addition  some  fifteen  students  were  engage<l  at  various 
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times  aw  pifi^e-worki'i-s.       The  condition  of  the  work  of  the 
Iwfuty-Iwo  ostei-oids  is  as  follows:— 

For  twflve  {ilaiiets  the  eon ip illations  are  practieally  aora- 
p'eted,  and  the  results  will  be  published  by  the  National 
Academy  of  Sciences  as  soon  as  llio  manuscript  is  finished. 
These  results  include  the  perturbations  of  the  first  order  by 
JapitiT,  tables  from  the  year  of  discovoi-y  to  1930.  a  com- 
r-arison  of  theory  with  obaervntion  for  all  available  opposi- 
ticns,  aJid  a  final  correction  of  the  preliniiuary  mean  elements. 
It  is  proposed  to  publish  the  tahleu  in  advaJiee  of  the  details 
of  the  investigations.  These  twelve  planets  are  (93)  Minerva, 
(101)  Helena,  (103)  Hera,  (105)  Artemis,  (115)  Thyra. 
(119)  Althaea,  (128)  Nemesis,  (133)  Cyreite,  (139)  Jmuia, 
(161)  Allwr,  (174)  Phaedra,  and  (179)  Klytaemnfslra.  In 
the  cases  of  (93),  (101),  (103),  and  (lift)  our  work  is  base<l 
in   part     on   previous  inve.sti  Eat  ions     by    EuriiEi.UEHiiF.R   and 

KlTTEK. 

For  three  asteroids  tlie  pei-turbations  have  been  developed 
and  a  preliminary  correction  of  the  elements  made.  These 
are  (IW)   Khjmcne,   (121)   Hermoiiic,  and   (150)   Suwa. 

Three  other  a«ten»ids.  ilOfi)  Dioiie,  (IfiS)  Sibylh,  mu\ 
(IT.'i)  Andromache,  belouK  to  the  group  i-'^,  and  special  tables 
have  been  computed  for  this  group  after  BoiiUN.  Similar 
tables  have  becji  published  by  v.  Zupbl.  Cei'tain  discrepan- 
cies between  our  tables  and  those  of  v.  Zejpel  re<juire  further 
inviirtieation.  Two  asteroids,  (94)  .lurora  and  (100)  Uekate, 
were  not  originally  included  in  our  list,  it  being  supposed 
that  Ihey  had  been  Uken  up  elsi-wliere.  The  development  of 
their  perlnrbalions  is  under  way.  The  computations  were 
exmnueueed  las*  year  by  Dr.  Kewkirk  and  Miss  Hobe,  and 
are  iK-ing  concluded  by  Dr.  CRAWFDRn  and  Mr.  Champrel-x. 

For  «me  astei-oid.  (79)  ffun/wowie,  perturbations  have  been 
coiuputitl  by  BwKEH  and  tables  by  KirtiEiJiKRoER.  A  eom- 
pikrison  between  theory  nnd  oliservations  and  the  correction 
of  the  elements  ivmains  to  he  made. 

The  last  of  the  twenty-two.  (132)  Arthra,  is  lost.  It  was 
-tr-iiuKly  disturbed  during  the  discoven-  oppisition.  Miss 
Ii<iBK  has  undertaken  to  trace  it  by  applying  the  new  metlw>d 
refernil  lo  above  for  detcniiiniui;  osi-ulalin^-  elenienls  for  an 
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ai^teroid,  by  taking  immediate  account  of  other  attracting 
bodies  besides  the  Sun.  Hitherto  not  even  special  perturba- 
tions of  this  planet  have  been  taken    account  ot 

Dr.  Crawford  has  continued  in  his  investigation  of  the 
constant  of  refraction.  His  first  investigation  was  made  in 
the  year  1899,  and  resulted  in  the  discovery  that  this  so-called 
constant  is  a  function  of  the  zenith-distance.  It  was  based 
oa  a  series  of  observations  made  with  the  Repsokl  meridian- 
circle  of  the  Lick  Observatory'  durifag  the  summer  months. 
The  result  of  this  investigation  was 

A  log  fi  =  + 0.000101  (56\6-z) 
An  independent  investigation  of  a  series  of  observations  made 
during  the  winter  montlis  gives 

Alog/A  = +0.000117   (59\3-z) 
The  two  results  are  entirely  independent  of  each  other,  and 
are  based  on  diffei-ent  star-lists.     The  most  probable  average 
result  is  A  log  /*  =-  +  0.000108  (58"— z) 

bv  which  amount  the  Pulkova  tables  should  be  corrected. 

Dr.  Newktrk  has  made  a  thorough  examination  of  the 
Repsold  niea.suring  apparatus  after  the  method  employed  by 
Gill.  Tlie  investijxation  includes  an  examination  of  the 
scales,  of  the  luicronieters,  of  the  straightness  of  the  cylinder 
which  determines  tlie  Y  axis  and  of  the  bar  which  determines 
the  X  axis,  of  the  ptM-pendieularity  of  these  two,  and  tables 
of  corrections. 

Dr.  Nkwkirk  lias  also  constructed  extensive  tables  for 
the  reduction  of  photoirraphic  measures  on  the  basris  of  Ti'R- 
ner's  fornnila\  The  tables  are  to  facilitate  the  transformation 
from  standard  rectangular  co-ordinates  to  differences  of  right 
ascension  and  declination,  with  the  converee  transformation, 
and  the  computation  of  corrections  for  refraction,  including: 
terms  hi^rher  than  the  first  order  in  the  measured  co-ordinates. 
They  are  ap])lioable  in  the  reduction  of  measures  of  objects 
whose  riixht  ascension  differs  from  that  of  the  center  of  the 
plate  by  ten  detrrees  or  less,  and  wh(\se  declination  differs 
from  that  of  the  center  of  the  plate  by  i\\o  degrees  or  less,  no 
matter  what  the  declination  of  the  center  of  the  plate  may  be. 

As  in  the  past,  tlio  stiulonts  of  the  University  have  enjoyed 
occasional  l(H»tures  hv  members  of  the  Lick  Ovser\'atory  and 
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others.  The  department  has  participated  in  the  regular  sum- 
mer school  of  the  University,  a  general  and  a  practical  course 
bting  offered  by  Dr.  Crawford. 

The  observatory  has  continued  its  meteorological  and  seis- 
mographic  observations,  the  former  being  published  monthly. 

A.  O.  Leuschner. 
Berkeley  Astronomical  Department,  March  24,  1906. 
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GENERAL    NOTES. 


The  Carnegie  Institution.— Tim  repoit  of  President  AVood- 
WARD  of  the  Carnegie  Institution  for  the  fiscal  year  ending 
October  31,  1905,  was  reprinted  in  Science  of  January  26th. 
Of  the  $485,000  appropriated  for  works  of  investigation,  it 
is  worth  noting  that  $168,000,  or  38  per  cent  of  the  whole, 
wa-s  apportioned  to  astronomical  researches.  !Most  of  this 
was  for  the  establishment  and  equipment  of  the  Solar  Ob- 
siTvatorv  on  Mt.  Wilson. 

A  portion  of  the  report  is  given  up  by  President  Wood- 
ward to  a  discussion  of  ** large  i^ersus  small  projects/'  He 
stems  to  have  decided  leanings  toward  the  former,  and  it  is 
noti(;eil  tliat  an  astronomical  observatoiy  in  the  southern 
hemisphen*  is  one  of  the  large  projects  now  under  contempla- 
tion. 

The  Harvard  Five-Foot  Reflector,— Popular  Astnnynny 
lor  INIarch  contains  an  article,  from  tlie  Chicago  Reconl-IIer- 
aid,  giving  a  (l(»scription  of  the  mounting  at  Harvard  College 
Observatory  of  the  HO-inch  reflecting  telescope  recently  pur- 
chased from  tlie  estate  of  Dr.  Common,  of  England.  Many 
new  pr(>l>i(Mns  liave  been  encountere<l  in  mounting  such  a 
ItTiTt*  mirror,  — it  wei^ihs  nearly  a  ton,— and  the  lesult.s  to  l>e 
obtiiintMJ  with  it  will  be  awaited  with  interest.  The  tuW 
whicli  contains  tiie  mirror  is  att<iched  by  means  of  a  fork  lo 
tliH  npp«'r  end  of  a  j)olar  axis.  This  latter  is  an  immense  st«vl 
( ylindrical  float,  IS  fvci  long  and  7  feet  8  inches  in  diameter, 
supported  on  pivots  in  a  concrete  t4\nk,  and  so  ballasted  that 
it  will  hanir  at  tlic  proper  angle  when  the  tank  is  filKnl  with 
wat<M'.  \«*a!'ly  the  (Mitirt^  weight  of  the  telescope  and  the  axis 
may  thns  be  tlu-own  ouU)  the*  water. 

The  eye-j)i<'(M'  of  the  teleseope  is  to  be  located  permanently 
in  tli<'  second  story  of  a  l)nilding  innnediately  adjacent  to.  ami 
pn'suniabjy  iiorth  of,  the  tank,  and  the  rays  of  light  an^  t'^ 
h<-  bronudit  to  it  tliroui:h  the  use  of  a  svstem  of  auxiliary  iiiir- 
rcrs,  the  idea  hein^  similar  to  that  employed  in  the  (M^piatorial 
Cdude.  "'{'he  idea  of  snpp(Mting  the  polar  axis  in  a  tank  cf 
\«at<M*,  as  first  put  into  eiVect  and  perhaps  originat^^l  by  Dr. 
CoMMox,  is  an  especially  practical  one,  whose  simplicity  am' 
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et'ouoiny  m  itiuuntiiig  a  large  instrunipnt  are  at  oiiof  appan'nt. , 
But  a  great  advance  over  the  eruile  hand  maehinery  tor  mov- 
ing aud  guiding  the  telescope  in  its  former  mounting  is  being 
|.  made  at  Cambridge.     Through  inventions  aud  devices,     the 
rrcsiilt  of  much  thought  and  experiment  on  the  part  o£  Mr. 
rGERStisH,  the  telescope  is  to  be  controlled  and  operated  entire- 
vts  by  electricity.     Small  switches  located  at  the  desk  in  the 
f  obaerving-room  will  control  motors  and  clutches     by  means 
I- of  which  the  telescope  can  be  swung  at  various  speeds.       A 
I'Small  motor,  aj-ne-hronized  by  an  accurate  clock,  will  give  a 
I  uniform  motion  for  following,  while  dials  and  indicators,  also 
f.Sn  the  obsei-ving-room,  wilt  show  at  a  glance  the  exact  position 
I  of  ihe  telescope  and  the  motion  which  in  being  imparted  to 
Thus,  while  sitting  comfortably  at  a  desk     in  a  warm 
room,  unexposed  to  the  weather,     the  observer  can  carry  oa 
his  investigations  on  the  coldest  winter  night  as  easily  as  on 
the  pleasantest  summer  evening." 

This  last  statement  is  of  course  theoretically  true,  hut 
Btliose  who  have  had  experience  with  large  telescopes  will  have 
Ksme  doubts  about  the  quality  of  the  "seeing"'  in  these  cold 
(finter  nights,  especially  as  the  observing-room  appears,  from 
*e  picture  given  in  Popular  Asti-onomy,  to  be  heated  hy 
of  a  stove.  Much  was  expected  from  the  equatorial 
Coiide  when  the  idea  of  observing  in  a  wann  room  was  first 
put  into  practical  form,  but  as  a  matter  of  fact  the  inatni- 
aaent  has  produced  but  few  results,  and  that  is  the  real  test  of 
■  instrument,  although  failure  to  produce  remilts  cannot 
ays  be  placed  upon  the  instrument,  as  has  been  amply 
jd^monstrated  in  at  least  one  instance  during  recent  years.  It 
icerely  to  be  hoped  that  Professor  Pickekiho  and  his  co- 
workers will  be  able  to  overcume  all  difficulties  and  attain 
ubundant  siiceess  in  lytrrj'ing  nut  their  plans  for  this  immense 

telescope.  S.  D.  T. 

Double  Vdriabit  Slurs.— Th^  following  very  interesting 
wte  by  Professor  S.  I.  Bailey  has  been  taken  from  Science 
terMareh  16,  l!«)fi:— 

"Two  interesting  eases  have  recently  been  discovered  by 
Mrs.  Pi>EMiNQ  at  the  Harvard  Observatory,  of  double  stars, 
Mth  of  whose  components  are  variable.     Tliat  two  variable 
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stai-s  should  be  close  together,  where  variables  occur  in  lai'ge 
numbers,  as  in  the  dense  globular  clusters,  or  to  a  less  degree 
in  the  Magellanic  clouds,  would  not  be  especially  surprising. 
Even  here,  however,  as  a  matter  of  fact,  very  few  really  close 
doubles  are  found.  In  the  sky  as  a  whole,  away  from  such 
special  regions,  the  number  of  known  variables  in  the  40,000 
square  degrees  of  the  sky  is  not  much  more  than  600,  or  one 
in  67  square  degrees.  The  chance,  therefore,  that  two  of 
tiiem  should  come  within  a  few  seconds  of  are  of  each  other, 
unless  there  is  some  physical  connection  between  them,  is  ex- 
tremely small. 

**The  first  double- variable  consists  of  the  well-known  vari- 
able star  S  Lupi  and  a  close  companion,  distant  only  13",  so 
close  indeed  that  it  may  often  have  been  mistaken  for  S  Lupi 
itself,  especially  when  it  was  bright  and  8  Lupi  faint.  S  Lupi 
has  a  period  of  346  days,  and  varies  in  light  about  three  and 
a  hiUf  magnitudes,. between  9.6  and  13.1.  The  close  companion 
varies  between  10.4  and  12.8,  and  its  period  appears  to  be 
irregular. 

**  Another  variable  pair  has  just  been  announced.  The 
components  aiv  40"  apart.  The  first  component  varies  between 
the  nia<:nitud(^  10.0  and  10.6,  and  the  second  between  10.0 
and  12.4.  It  will  be  of  the  greatest  interest  to  detenniiie 
whether  there  is  any  ivlation  between  the  light-changes  of 
the  eoiHponent.s,  but  this  has  not  yet  been  possible. 

'*It  is  well  known  to  justronomers  that  Mrs.  Fleming 
has  (liseovered  nearly  two  hundred  variable  stars  by  examina- 
tion of  ])h()tofrraphic  spectra,  made  with  an  objective  prism, 
in  connection  with  the  work  of  the  Henr^'  Draper  Memorial. 
By  (liscovcrinfr  that  the  spectra  of  long-period  variables  usu- 
aMy  contain  the  brii^lit  lines  due  to  hydrogen,  she  has  b(H*n 
able  to  'pick  up^  large  numbers  of  variables  of  this  cla.ss  while 
ei  gaged  in  other  spectroscopic  studies.  It  would  have  been 
quit^  impossible  for  a  single  observer,  or  perhaps  for  half  a 
dozen,  by  visual  methods,  to  find  such  a  number  in  a  life- 
time. The  n^sults  illustrate  the  power  of  photographic  meth- 
ods when  the  corriM't  interpretation  has  been  found.  In  this, 
as-  in  s<'>me  other  lines  of  astronomical  discover}',  it  would  be 
almost  a  waste  of  time  for  an  observer,  unless  for  purposes 
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of  recreatioQ  or  animemeiit.  to  .carry  oii  tlie  investigation 
visually.  He  would  succeed  about  as  well  as  a  person  who 
siKiuId  attempt  to  race  on  ftwt  with  a  fifty-horse-iwwei-  auto- 
rjiobile.  This  seems  really  a  pity,  as  there  ia  undoubtedly  a 
^■reater  chann,  at  least  to  the  outsider,  in  the  older  methods. 
An  observer,  sitting  at  a  desk  with  photograpiis  about  hiui,  in 
<  a  pleasant  room  iu  broad  daylight,  appeals  to  the  imagination 
much  le»s  than  the  old-time  astronomer,  who  was  supposed 
!<•  sit  through  the  long  cold  night  with  his  eye  ghn?d  (u  his 
Uleseope.  However,  there  are  many  fields  in  which  the  visual 
iibservLT  still  has  the  advantage." 

No,  4058  of  the  Astronomwhe  Nachrichten  contains  a 
rfquest  by  Herr  Berbkrich.  the  newly  appointed  editor  of 
the  AstroHomicher  J'-ihresbcricht,  requesting  that  new  piibli- 
cutions  be  sent  for  review  to  his  address,  Berlin,  Tenipelhof, 
Schiinburgstrasse  2. 

A.  N.  No.  4061  contains  a  catalogue  of  tJiirty-nine  newly 
discovered  variable  stars  whose  variability  is  regarded  by  the 
eommission  of  the  Astronoraische  Gesellschaft  as  established. 
A.  A'.  No,  40G5 :  From  the  obseiTatory  at  Moscow  comes 
:i  i-eport  of  the  employment  iif  photography  in  the  measure- 
ment of  double  stars.  A  lens  of  380""°  (15  inches)  aperture 
and  6""  (20  feet)  focal  length  was  employed.  Images  of 
the  double  star  were  impressed  upon  the  plate  by  exposures  of 
from  l»-30  to  P-70  duration.  From  400  to  900  images  were 
tiiken  on  a  single  plale.  The  orientation  and  scale  value  were 
determined  by  a  trail,  and  by  the  distance  between  sueeesfiive 
images  made  at  measured  intervals  of  time,  the  telescope  be- 
ing clamped  and  driving-eloek  stopped.  Measures  of  the  pair 
Y  Virginis  (dist.,  5"  .8)  made  on  (different  plates  agree  to 
within  about  0".04.  The  pair  $  Ursa^  Majoris  (dist.  l!".6) 
was  also  measured.  It  does  not  seem  unreasonable  to  sup- 
pose that  photography  may  in  the  near  future  lend  important 
_iud  in  the  measurement  of  the  wider  doubles. 

H     The  Franldin  Bicenlenai'y.—The  two-hundredth  anniver- 
ESary  of  the  birth  of  Benjamin  Franklin  will  be  appropri- 
ately celebrated  on  April  ITlh  to  April  20th  next  by  tlie  Amer. 
icnn  Philosophical     Society.     Philadelphia,     of     whveh     Di. 
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Franklin  was  founder.  Besidi^s  the  presentation  of  papers 
on  scientific  subjects  there  will  be  addresses  by  Professor  E. 
L.  Xi('ii()i..s,  Professor  Ernest  Rutherford,  Dr.  H.  H.  Pub- 
NRss,  President  Charles  W.  Euot,  Hon.  Joseph  H.  Choatk, 
and  Hon.  Elihu  Root.  W.'W.  Campbell. 


^1  yew  Observatory  in  Hambw^,  Oeimany.— It  is  an- 
nouneixl  that  the  city  of  Hamburg  has  appropriated  895,000 
marks  for  the  construction  and  equipment  of  an  observatory 
under  the  direction  of  Professor  Schorr.  A  visual  refractor 
oi'  considerable  size,  a  larjre  reflector,  a  photographic  refractor, 
and  a  meridian-circle  are  said  to  be  in  mind  as  the  principal 
instruments.  W.  W.  Campbell. 


Double-Star  Work  at  the  Flower  Observatory, — It  was  my 
priviletre  some  time  ago  to  call  attention  in  these  Publications 
(Vol.  XIV,  pp.  106-109)  to  Professor  Eric  Doolittle's  ex- 
cellent double-star  work  with  the  18-inch  telescope  of  the 
Flower  Observatory.  It  was  apparent  from  the  first  volume 
oi'  liis  measures  that  Pi'ofessor  Dooijttle  brought  to  his  work 
tnthusiasm  and  enerG:y  as  well  as  good  judgment  and  keen 
ohservinj;  powei-s.  Fresh  evidence  of  all  these  qualities  is 
t(^  be  f(»uiHl  in  the  more  recent  volume,^  which  contain^; 
measures  of  1,06()  double  and  multiple  stars.  Seven  hundred 
aiul  thii-ty-three  of  these  stai-s  are  from  Burnham's  catalogue. 
109  from  Otto  StriveV,  102  from  Wilhelm  Struve's,  and 
tli<^  n*st  miscellaneous.  In  selecting  these  stars,  Professor 
Ih)()LiTTLE  eliosi^  especially  the  ** pairs  of  which  there  are 
fow  or  IK)  recent  measures,''  and  included  also  many  that  are 
ill  ra])id  motion  or  that  have  given  some  evidence  of  change. 
These  stars  *'have  beeif  measuivd  on  an  average  of  about 
five  niLdits  each,''  and  very  few  on  less  than  thrt»e  nights. 
Thi^  observational  data  are  conveniently  arranged  and  critical 
notes  aiv  appended  to  many  of  the  stars. 

Tlh'  volume  bears  very  favorable  testimony  to  the  powers 
of  tin*  telescope  and  observer  and  to  the  atmosphei'ic  conditions 
prevailing  at  the  Flower  Observatory^ ;  for  while  the  majority 
of  the  i)airs  measured  are  moderately  easy,  having  distances 

'  M^'jisures  of  lo(»rt  Doublo  and  Multiple  Sisirs  Made  with  the  Elffhteen-lnch  Re- 
fr.utorof  ihf  Flower  Astronomioul  Observatory,  "by  Ebic  Dooltttlb.— Publications 
of  the  Univ«»rsity  of  Pennsylvania.  Astronomical  Series,  vol.  III.  Part  III.  1905. 
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of  from  1"  to  10",  and  a  considerable  percentage  are  wide, 
still  fully  one  fourth  of  the  wholo  iiiinibft-  are  separated  by 
1"  or  leK,  many  of  these  pairs  are  'luite  uni'f|iial  in  miigui- 
tude  and  more  than  fifty  are  closer  tbnn  lt".5.  The  clospst 
pairs  siieeessfully  measured  are  k  Pegasi,  8  Eqmtki,  aitd  088S. 
Siieh  stars  require  "gowl  weiii^'"  for  satisfH<'tory  iriensures 
with  the  largest  telescopes.  It  is  iiitvresling  to  note  tlint  i*ro- 
fissor  Dikiuttle's  measures  of  tlie  more  difficnlt  paii-s  are 
affected  by  nnich  larger  accidental  errors  in  distanee  than  in 
posit  ion -angle.  Many  of  the  pairs  under  1"  show  a.  range  in 
distance  of  from  (>".25  to  t*".:l:>.  while  the  extreme  range  in 
position-antjrie  rarely  amounts  to  a  linear  displacement  of 
OM,  and  does  not  in  general  exceed  0'.05. 

In  the  section  on  "The  Method  of  Observing."   in   his 

iutrodncliop,    Prafessor   Dinilittle    refers   to   the   suggeation 

made  in  my  rfview  of  his  previous  volnme.  that  better  results 

are  likely  to  be  obtained  by  iiieasnring  the  position-angle  with 

Lft  single  wire  instead  of  with  two  separated  by  a  few  seconds 

*£  are.     Professor  Diwuttij;  has  experimented  with  the  two 

ripiiethods,  and  finds  that  in  his  own  ease  the  firat.  setting  is 

tnearer  the  true  one  if  two  wires  are  used.     This  is  direetJy 

I  ipontrary  to  my  experience,  and,  as  it  is  a  matter  of  practical 

Linterest  to  observers,  it  may  not  be  iimL**  to  point  out  once 

■  fDore  the  precise  a^'reenients  and  differenecs  betwwn  the  two 

{methods. 

We  agree  in  discarding  the  sbiw-motion  tangent-screw  in 
measuring  position-angles,  and  also  in  moving  the  whole 
K j|pi eromet^r-ho x  longitudinally,  making  the  wires  pass  bac-k 
aid  forth  over  the  stars  till  satisfied  of  the  correctness  of 
the  setting.  We  are  both  also  careful  to  keep  the  line  joining 
f  eyes  either  parallel  or  perpendicular  to  the  line  between 
s  stars  while  making  our  measures. 
But  thei-e  are  two  points  of  difference  in  our  practice  that 
H-eni  to  me  important.  Profesan-  Doolittle  apparently 
lamps  the  circle  aft^r  making  his  first  approximate  setting, 
3ien  moves  the  wires  back  and  forth  over  the  stars,  and.  find- 
ing the  setting  un.satisfactor>'-  unolamps,  changes  it  slightly, 
rand  repeats  the  process.  My  method  differs  in  that  the  circle 
B  never  damped,  but  is  rotated  slightly  by  the  proper  pinion, 
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making  the  angle  alternately  larger  and  smaller  than  the  true 
value  simultaneously  with  the  longitudinal  motion  of  the 
wires.  Both  motions  are  continued  until  a  satisfactory  setting 
is  reached,  the  aim  being  to  effect  a  direct  bisection  of  the 
two  star-images,  not  to  get  a  line  estimated  to  be  parallel  to 
their  center  line. 

The  other  difference  lies  in  the  use  of  one  wire  instead  of 
two  in  jiiaJ^ing  our  settings.  In  Volume  V  of  the  Publicatiom 
Lick  Ohservatory  (p.  13)  Professor  Hussey,  speaking  of  his 
measures  of  the  02  stars,  says:  **A11  the  settings  for  the 
determination  of  the  position-angles  have  been  made  with  a 
single  wire,  .  .  the  other  wire  being  placed  so  far  from  it 
as  not  to  cause  inconveuienoe  or  bias  by  its  presence."  I 
follow  the  same  plan.  We  both  find  the  close  proximity  of 
the  second  wire  at  least  an  inconvenience,  especially  in  the 
case  of  close  and  unequal  pairs,  whereas  Professor  Doolittle 
regards  it  as  a  distinct  advantage. 

Probably  some  physiological  explanation  must  be  sought 
for  this  fact  as  for  the  fact  that  some  observers  find  it  easier 
to  make  an  accurate  setting  when  the  line  between  the  eyes 
is  placed  perpt^ndicularly  to  the  line  joining  the  stars  than 
when  it  is  placed  parallel.  R.  G.  Aitken. 

March  23,  190(5. 


Vnlf rsuchun(jcn  an  den  SpekU'en  der  helleren  Oasnebel, 
\iiu  J.  SciiKiXKR  and  J.  WiTa«;ing.— This  interesting  paper 
of  sixty  pnges  forms  a  part  of  volume  fifteen  of  the  Publications 
of  the  Astrophysical  Obsenatoiy  at  Potsdam.  It  treats  of  a 
subject  which  has  received  comparatively  little  attention  since 
the  cla^ssic  work  of  Professor  Keeler  on  the  spectra  of  nebula? 
{Puhl.  L.  O.,  Vol    III,  p.  165). 

The  lines  of  the  present  investigation  follow  closely  those 

of  Kkklkr  in  his  determination  of  the  radial  velocities  of 
fifteen  of  the  bright  nebulie  with  the  spectroscope  of  the  Lick 

Observatory.  Professors  Sciieiner  and  \Vn>siNG  have  selected 
nine  of  the  brighter  nebulae  examined  by  him  for  their  re- 
searches, the  others  l)einfr  oniitted  on  account  of  their  low 
altitude  at  tlie  latitude  of  Potsdam.  The  following  is  the 
list  of  nebuhe  observed  by  them:  — 
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G.  C.  4390  N.  (i.  C.  7027  G.  C.  4234  U.  C.  437:) 
G.  C.  4964  N.  G.  C.  6790  Orion  (Tr.)  G.  C.  4514 
N.  G.  C.  6891 

A  visual  spectroscope  mounted  upon  the  Potsdam  refractor 
was  so  designed  that  it  could  be  used  with  slight  ehanges  for 
either  of  the  t'ollowiii!;  pieces  of  work  which  form  the  subject 
mater  of  the  present  article:— 
I.     A  deterniinati-on  of  the  relative  intensities  of  the  principal 

lines  in  the  spectra  of  the  above  nebuhc. 
H.     Jleasures  o£  their  velocities  in  the  line  of  sight. 

I.  Relative  intensities:  For  the  investigation  oE  the  rela- 
tive intensities  of  the  three  principal  nebular  lines  the  spectro- 
scope was  furnished  with  a  60°  prism  of  fairly  strong  dis- 
persion. A  ZoUner  photninet^r  was  so  mounted  on  the 
spectroscope  that  the  light  from  its  lamp  was  thrown  by  a 
total  reflection  prism  through  one  end  of  the  slit  and  formed 
in  the  view  telescope  a  spectrum  alongside  of  that  of  the 
nebula  examined,  In  the  focal  plane  of  the  ob- 
serving telescope  a  diaphragm  (see  figure)  was 
placed  carrying  two  apertures,  one  of  which 
(A)  is  large  enough  1o  admit  the  three  nebular 
lines.  The  other  slit  (B),  which  falls  upon  the 
spi-ctrnm  of  the  artificial  light,  is  of  the  same 
width  and  length  as  the  nebular  line.  In  this 
ay  the  color  of  the  comparison  light  can  he  made  exactly 
that  of  the  nebular  line,  a  verj'  impnr-lunl  con- 
dition to  be  fulfilled  in  photometric  work  of  this  natui-e. 
As  a  source  of  light  for  comparison  an  incandescent  lamp  was 
used  whose  intensity  was  found  to  remnin  fairly  constant  for 
short  intervals  of  time.  However,  to  guard  against  any  eJiange 
in  the  lamp,  it  was  compared  at  the  beginning  and  end 
of  each  series  of  obsei-vations  with  a  benzene  lamp  (of 
ScHEiNEBs  design). 

Tlie  method  of  observation  was  as  follows:  First,  a  com- 
parison of  the  lamp  with  the  benzene  standard;  then  the  slit 
P  was  shifted  until  it  was  in  line  with  the  principal  nebular 
line,  and  the  reading  of  the  intensity  circle  of  the  photometer 
obtained,  which  rendered  the  intensity  of  B  the  same  as  that 
of  the  nebular  line.  Observations  were  made  of  the  second 
:d  thii-d  nebular  lines  in  a  similar  manner,  then  again  of  the 
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first  line.  Finally,  a  comparison  of  the  lamp  and  standard 
was  made. 

Tables  of  the  measures  made  by  each  observer,  and  the 
relative  intensities  of  the  second  and  third  nebular  lines  re- 
ferred to  the  principal  line  deduced  therefrom,  are  given  in 
full.  Their  obs<nvations  confirm  those  of  Keeler,— namely, 
that  the  relative  brightness  of  the  first  and  second  nebulai* 
lines  is  within  tlie  limits  of  error  of  observation  the  same  for 
all  nebula?  examined,  but  the  ratio  of  the  intensities  of  the 
first  and  third  line  varies  «:reatly  for  the  different  nebula?. 
The  actual  intensites  obtained  depend,  however,  upon  the  dis- 
tribution of  enei*<ry  in  the  spectnim  of  the  artificial  source. 

A  comparison  of  the  lamp  with  the  benzene  standard  was 
made  in  onler  to  determine  the  constants  for  reducing  the 
measures  to  an  absolute  scale. 

A  table  is  here  jriven  of  the  nebulae  arranged  in  the  order 
of  intensity  of  the  first  nebular  line  (reduced  to  the  benzene 
lamp),  the  int^^nsity  of  the  first  line  in  the  brightest  nebula 
being  taken  as  e(|ual  to  magnitude  1.00. 

Nebula.  Intensity  of  First  Nebular  Line. 

1™00 

1  .87 

2  .07 
2  .31 
2  .68 
2  .73 

Orion     (Tr.)  3    .26 

(J.  (\  4514  3    .47 

N.  (J.  C.  6891  3    .90 

1 1.  Kadial  velocities :  For  the  purpose  of  determining  the 
velocities  in  the  line  of  sight  of  the  above  nebulie,  the  60* 
prism  was  replaced  ]\y  a  Rowland  plane  grating,  36X49"™"" 
ruled  surface,  and  14,438  lines  to  the  inch.  The  tiiird  order 
of  this  <rrating  was  used  in  all  measures.  For  setting  on  the 
lines  a  (lifVeient  arrangement  was  employed  from  the  usual 
one.     It  evidently  poss<^ses  so  many  merits  that  it  is  worthy 

of  notice  here.  A  diagram,  furnished  with 
an  aperture  (A)  to  admit  the  spectrum  of  the 
nebula,  and  the  slit  (Lb),  through  which 
the  light  from  the  photometer  lamp  passes,  is 
carried  along  by  the  screw  of  the  micrometer. 
The  slit  LL     is  used     as  the  measuring-line, 


(i.  c. 

4390 

X. 

(!.  C. 

7027 

(i.  V. 

4234 

4373 

(J.  c. 

4964 

N. 

(I.  c. 

6790 

L-^        — L 
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and  has  the  distiact  advantugi-s  that  it  can  be  made  of  the 
siiiiie  color,  width,  and  intensity  as  the  nebular  line  to  be 
ineasiired. 

For  the  present  investigation  no  attempt  was  made  to 
determine  the  wave-length  of  the  nebulai-  lines,  since  with 
their  apparatus  H^S  was  Xoo  faint  in  many  of  the  nebiilte  to 
admit  of  its  being  measured  with  accuracy.  The  first  line 
only  has  been  used  in  their  measures,  and  for  its  wave-length 
they  have  adopted.  Keeler's  value,  A  5007.05.  The  ii-on  line, 
A  5006.31,  was  used  for  the  comparison  lines,  and  all  measures 
made  witli  refei-ence  to  it. 

Pnll  data  of  all  nieasuras  and  results  with  the  mean  error 
of  each  observer  are  given  for  the  nine  nebulas.  A  comparison 
of  their  results  with  those  of  other  observers  is  given  in  the 
following  table:— 


r,-  C.  4J34 

—  32 

—  34 

C.C.  4373 

-64 

-6s    - 

G.  C  4390 

—   7 

—  10    - 

N'.  G.  C.  6790 

+  40 

4-48 

G.  C.  4S"4 

0 

—    5 

N.  G,  C.  6891 

+  40 

+  41 

N.  G.  C  7027 

+  17 

+  10 

a  C.  4964 

-  S 

Orio.. 
Thm  Hive  as 

+  15 
th,-ir 

+  iS 

+  5      +'2 

....    —   7 

....     -1-16    +17    ^185 

■rror  of  observation  ±i  3.2'"", 
while  that  for  Keeler'r  iibserv-ations  is  about  ±  3. 9*"",  It 
should  l)e  noticed,  however,  that  the  variations  between  their 
individual  observations  is  much  greater  in  general  than  in 
the  corresponding  observations  of  KtoiLEa,  the  reason  for 
which  is  found  in  the  fact  that  his  ohsei-vations  were  made 
with  a  more  powerful  inst.ninieut  and  under  more  favorable 
conditions.  The  mean  error  has  lieeu  made  comparable  with 
his  by  increasing  the  number  of  observations.  Their  results 
are  in  satisfactory  agreement  with  those  of  Kebleb  and  form 
a  valuable  eoufimiation  of  his  work.  J.  H.  Moore. 

The  Sun's  /feo*.— Professor  II.  H.  Ti'hner,  in  bis  lectures 
on  astronomy  to  youns  people  in  London  recently,  gave  them 
a  demonstration  of  what  the  Sun's  heat  might  be  like  by  melt- 
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ing  iron  in  a  furnace  before  their  eyes.  This  experiment  he 
perforineil  by  the  i<;ntiition  of  thermit,  which,  burning  at  a 
temperature  of  over  3,000  degrees,  produced  a  heat  which  is 
about  half  that  of  the  Sun ;  and,  as  an  illustration,  the  flaming 
mass  was  a  striking  pendant  to  the  examples  of  liquid-air 
submitted  to  the  audience  previously,  as  exemplifying  the 
cold  of  the  lunar  night.— From  Daily  Oraphic, 


An  Artificial  Eclipse.— The  last  of  the  Christmas  lectures 
which  Professor  H.  H.  Turner  has  been  delivering  at  the 
Royal  Institution  was  perhaps  the  most  fascinating  of  a  fas- 
cinating series.  Bit  by  bit  the.Savilian  professor  had  lured 
his  youthful  audience  on  till  he  almost  brought  them  to  the 
point  of  making  astronomical  calculations  for  themselves;  and 
tlie  la>>t  two  minutes  of  the  closing  hour  was  occupied  by 
them  in  drawing  a  corona  from  the  artificial  one  which  was 
tljrown  on  the  screen.  The  corona,  as  the  lecturer  explained, 
was  in  many  respects  the  be-all  and  end-ail  of  a  total  eclipse 
cf  the  Sun,  from  an  astronomer's  point  of  view,  and  the  draw- 
ing which  the  Royal  Institution's  budding  astronomers  were 
asked  to  make  (on  squares  of  cardboard  with  a  central  black 
si>ot  to  mark  the  eclipsed  Sun)  were  made  under  conditions 
as  far  as  possible  resembling  those  under  which  obser\'ei-s  la- 
bored before  photography  was  applied  to  the  problem.  Thus, 
for  about  five  explanatory  minutas,  the  shadow  of  the  imita- 
tion ^\iH)u  crept  over  the  bright  disk  of  the  electric  Sun  on  the 
screen,  while  ]\Ir.  ni":.VTii  made  ready  photographic  plates,  and 
rrof(\ssor  Turner  gave  directions  about  the  coelostat.  Then 
suddenly  toUility  supervened.  An  image  of  the  corona  fljished 
out  on  the  screen,  and  the  director-in-chief  of  the  eclipse  ob- 
servations began  to  count,  one  by  one,  the  hundred  and  twenty 
seconds  during  which  totjility  would  last  and  the  million-mile 
rays  of  the  corona  would  be  visible.  As  he  counted  the  seconds 
a  hundred  hurried  pencils  scratched  out  in  the  faint  light  the 
idea  of  the  corona  which  impressed  itself  on  the  retinas  of 
two  hundred  young  eyes.  The  last  second  was  counted  out; 
the  last  click  of  the  photographic  ca^ostat  was  heard;  the 
corona  disiippc^ared  like  a  tlash,  and  the  rim  of  the  bright  Sun 
once  again  appeared  on  the  screen.  It  was  a  magnificent  ob- 
ject k^-son,  and  the  youthful  audience  could  not  have  cheered 
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their  astronomical  guide,  pliilosoplier,  and  friend  more  heart- 
ily if  he  had  provided  them  with  e.  real  eclipse.  lie  had,  at 
any  rate,  furnished  them  iu  his  lecture  with  all  the  data  by 
which  they  might  prepare  themselves  to  observe  the  English 
tital  solar  eclipse  which  will  oeeur  some  tweoty-one  years 
hence,  and  which  for  twenty-five  seconds  will  show  the  corona 
to  obser\-ers  in  Yorkshire,  Ijaneasliire.  and  North  Wales,  He 
explained  the  methods  of  calculating  the  times  and  paths  of 
an  eclipse;  he  described  the  many  preparations  made  by  an 
eclipse  expedition;  and  as  far  as  possible  he  enumerated  the 
various  problems  ooiinected  with  the  corona.  One  of  the  curi- 
ous facta  connected  with  it  appeared  from  the  observations 
made  of  it  during  the  eclipses  of  the  last  century  to  be  tliat 
this  great  luminous  radiation  was  greatest  in  extent  at  the 
Sun's  efiuator  at  a  period  of  minimum  sim-spots.  That,  how- 
ever, was  an  observation  which  needed  much  more  confirma- 
tion. It  was  also  necessary  to  find  whether  the  corona  elianged 
its  form  quickly  or  not.  This  could  only  be  ascertained  cor- 
rectly by  photography.  Some  most  beautiful  photographs  had 
been  obtained  tif  the  corona  at  a  previous  eclipse  by  Mre. 
Maunder;  and  Mr,  and  Mrs.  Maunder  on  the  occasion  of 
last  year's  eclipse  had  gone  to  Labrador  so  as  to  photogrraph 
the  corona  at  as  large  an  interval  of  time  as  possible  from  the  ■ 
similar  photographs  taken  as  Assouan.  But  bad  luck  dogged 
the  steps  of  these  two  observers  and  eidniinated  in  a  cloudy 
eclipse  day,  so  that  the  question  of  the  rate  of  change  of  the 
corona  was  still  unanswered.  Other  investigations  which 
might  answer  the  most  important  question— the  nature  of  the 
coronal  light— were  those  connected  with  its  diminution  of 
intensity  as  it  receded  from  the  Snn,.  By  an  examination  of 
the  degree  and  extent  of  this  diminution,  an  examination  on 
^  which  Professor  Turner  is  himself  engaged,  wo  might  come 
i  some  conclusion  as  to  whether  the  particles  which  gave  the 
Ight  were  doing  so  by  reficeted  light,  or  whether  they  were  in- 
enndeseent  and  were  giving  the  light  tbeiii.selves.— From  Daily 
}rapkic. 

Science  for  March  23d  contains  titles  and  s^-nopses  of 
forty-one  papers  upon  astronomical  subjects  which  were  reail 
t  the  meeting  of  the  Astronomical  and  Asti-ophysieal  Society 
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of  America,  held  in  New  York,  December  28-30,  1905.  The 
same  number  of  Svicnce  contains  also  titles  and  synopses  of 
eleven  papei-s  upon  mathematical  and  astronomical  subjects 
which  were  rejwl  before  Section  A  of  the  American  Associa- 
tion for  the  Advancement  of  Science,  at  the  meetinsr  held  in 
New  Orleans  on  December  30,  1905. 


r 
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MiDutes  of  the  Special  Meeting  of   the  Board  of  Direrturs 

of  the  Astronomical  Society  of  the  Pacific,  held  in 

the  Koonis  of  the  Society,   on  Saturday, 

November  25.  1905,  at  2  p.  m. 

Vicp-President  Leuschner  pi-ewded.     A  quorum  wa,-*  prest-oi. 

The  purpose  of  the  meeting'  beiDj;  the  Sixth  Awni-d  of  the  Bruce 
Gold  Mednl,  the  letters  received  from  the  Directors  of  the  six  norai" 
nalinK  Observatories  were  submitted  l>j  the  Secretary.  After  a  care- 
ful consideration  of  the  recommendations  contained  in  these  letters, 
the  selection  of  the  Medalist  was  made  hv  hallot,  and  the  following 
certilicale  of  besWwnl  waa  Hijfned  by  all  Directoi-s  present; — 
San  Francisco, 

November  25,  1W15. 
Sixth  Award  of  the  Bruce  Medal. 
We,  the  uadersijfDed  Directors  of  Ihe  Astronomical  Society  of  the 
Pacific,  hereby  cei-tify,  that,  in  accordance  wilh  the  Statutes  tor  the 
bestowal  of  the  Bruce  Medal,  a  special  meeting  of  the  Board  of  Direc- 
tors was  held  this  day,  at  two  o'clock  p.  m.,  for  the  purpose  of  award- 
ing' the  medal  for  the  year  ISOti;  and  that,  the  provisions  of  the 
Statutes  relalintr  to  its  bestowal  having  been  complied  with,  the 
medal  waa  awarded  to— 

HERMANN  CARL  VOGEL, 
for  Distinguished  Services  to  Astronomy,  by  the  consenting  votes 
of  eleven  Directors. 

Sijfoed:  R.  G.  Aitken."  Chas.  Burckhaller,  W.  W.  Campbell.* 
Wm.  H.  (.'rocker,"  Chaa.  S.  CusbinK,  A.  H.  Balxjock. 
Geo.  E.  Hale,*  A.  O.  Ijcaschner,  S.  D.  Towolev.*  Geo.  C. 
Pardee.*  F.  R.  Ziel. 

I'By  Proiy) 
Adjourned. 


of  the  action  token  by  the  Direct 
ance  was  received:— 

[TRANSLA'nON] 

Astrojthysical  01)servatory, 
Mr.  F.  R  Ziel,  Potsdam,  January  20,  1!H«. 

Secretury  of  the  Aslmnnmlcal  Society  at  the  PkIHo.  San  Fntnclsro, 
In  i'«ply  to  your  favor  of  the  1st  lost  ,  I  beg  to  state  that  I  greatly 
appreciate  the  bestowal  upon  me  of  the  Bruce  Medal  by  the  Astro- 
nomical Society  of  the  Pacific,  and  shall  l>e  much  pleased  to  accept 
the  medal.  I  request  you  to  transmit  to  the  Society  my  gTateful 
thanks  for  the  distinction  conferred  upon  me. 
With  great  esteem. 

Professor  Dr.  H.  C.  Vogel. 
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Minutes  of  the  Meeting  of  the  Board  of  Directors,  held  in 
the  Rooms  of  the  Society,  March  31,  1906, 

at  7:30   p.   m. 

President  Townley   presided.      A  quorum   was  present.     The 
following  members  were  duly  elected: — 

List  of  Members  Elected  March  31,  1906. 

Mr.  John  R.  Haake ^« 308  California  St.,  S.  F.,  Cal. 

Shattuck  Observatory .• Dartmouth  Colleg^e,  Hanover,  N.  H. 

Mr.  Elliott  Smith Lick  Observatory,  Mount  Hamilton,  Cal. 

Adjourned. 

Minutes  of  the   Eighteenth^  Annual  Meeting  of  the  Astro- 
nomical Society  of  the  Pacific,  held  in  the  Lecture 
Hall    of    the    California    Academy    of 
Sciences,      March    31,    1906, 
at  8   p.   m. 

The  meeting  was  ciilled   to  order   by  President   Townley.      A 
quoi'um  was  present.  The  minutes  of  the  last  meeting  were  approved. 
The  following  papers  were  presented: 

Address  of  the  retiring  President.  Dr.  S.  D.  Townley,  in  awarding 
the  Bruco  Medal  to  Professor  Dr.  Hermann  Carl  Vogrel. 

The  IJck  Observatory-Crocker  Expeditions  to  observe  the  Total 
Solar  Eclipse  of  August  30,  190B",  by  Professor  C.  D.  Perrine. 

Astronomical  Observations  in  190B,  by  Professor  Torvald  K6hl. 

Planetary  Phenomena  for  May  and  June,  1906,  by  Professor  M. 
McNeill. 

-  The  Committee  on  nominations  reported  a  list  of  names  proposed 
for  election  as  Directoi*s,  as  follows:  Messrs.  R.  G.  Aitken,  A.  H. 
BalH'oek,  Chas.  Hurekhalter,  W.  W.  Campbell,  Wm.  H.  Crocker, 
Chiis  S.  (ushing,  Geo.  K.  Hale,  A.  O.  Leuschner,  D.  S.  Richardson, 
A.  B.  Spreckels,  F.  R.  Ziel. 

For  Committee  on  Publications:  Messrs.  R.  G.  Aitken  (Chair- 
man). S.  D.  Townley,  B.  L.  Newkirk. 

Messrs.  von  Geidorn  and  Lietz  were  appointed  as  tellers.  The 
polls  were  open  from  8.15  to  1)  p.  m.,  and  the  persons  above  named 
were  duly  elected  to  serve  for  the  ensuing"  year. 

Report  of  the  Committee  on   the   Comet  Medal,    Submitted 

March  .U,  1906. 

Five  unoxpfctod  comets  were  announced  in  the  calendar  year  1905. 

Comet  a    1905  was  discovered  at  Nice,   France,   on  March    26th,  by 
Michel  Olacobini. 

Comet  b  1905  was  discovered  at  Geneva,  Switzerland,  on  November 
17th.  by  Emil   Schaer. 

Comet  c  1905  was  discovered  at  Nice,  France,  on  December  6th.  by 
Michel  Giacobinl. 

Comets  d  and  e  1905  were  announced  by  V.  M.  Sllpher  and  Perclval 
Lowell  respectively  by  means  of  a  photograph  taken  at  the  Lowell 
Observatory,  Flagrst.Tff.  Arizona,  on  November  29th.  Announcement  or 
Comet  d  reached  the  Pacific  Coast  on  December  14th.  and  of  Comet  e  on 
December  29th.  These  comets  have  not  been  observed  visually,  and 
the  facts  concerning   them   rest  upon   the  single  discovery  photograph. 

The  Donohoe  Comet-Medal  of  the  Society  has  been  awarded  to  the 
discoverers  of  comets  a,  b,  and  c.  The  rules  governing  the  award  of 
the  medal  do  not  make  it  applicable  to  comets  d  and  e. 

W.   W.   CAMPBELL., 
CHAS.    BURCKHALTER. 
WM.    H.    CROCKER, 

Comet-Medal  Committee. 


Astronomical  Society  of  the  Pacific.  185 


The  Treasurer  Submitted  His  Annual  Report  as  follows: — 

Annual   Statement  of  the   Receipts  and  expenditures  of  the  Astro- 
nomical Society  of  the  l^acific  for  the  Fiscral  Year 
ending:  March  31.  19(Mi. 

GENERAL  FUND. 

Receipts. 

1905,    March    26th.     Cash    Balai>ce I    115  04 

Received  from  dues  for  1905  and  previ- 
ous   years    I   215  26 

Received  from  dues  for  1906 559   14     $   774   40 

Received  from  Life  membership   fee 60  00 

Received    from   sales   of   Publications 6  76 

Received   from   sales   of  Stationery 40 

Received  from  Life  Membership  Fund   (interost)  71   40 

Received  from  John  Dolbeer  Fund    (interest)...  218  52           1,121  47 


I  1.236  61 
Less  transfer  to  Life  Membership  Fund 50  00 


$  1,186  61 


Expenditures. 


For    Publications:    printing    Nos.    101    to 

106     $  455   65 

illustrations      86   96     $   542   61 

Stationery    and    printinK 90  37 

Reprints     41   25 

Postages     55  39 

Rent    180   00 

Salary    Secretary-Treasurer    180  00 

Expressages    11   65 

Telephones    1   90 

Janitor    4   50 

Gas    50 

Insurance  premiums    21    85 

lantern  at  lecture 8  00 

Engrossing    4   25 

Taxes    -   4  8 

Rent   safe  desposit   box '>  oo 

Bank  Exchanges    «5         607   79           1.150  40 

1906,    March    31st.     Cash    Balance $  36   11 

Bllln  receivable: 

Dues  outstanding: 

for    1906 1     55  00 

for    1906 230  00 


$   285   00 
Publications    sold..        30  00 


%   315    00 


Bills  payable: 

Publications:  printing?  No.   lor, ..$   :',or,  i:^ 
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LIFE  MEMBERSHIP  FUND. 

1905.     March    26th.     Cash    Balance $  1.903  S5 

Received    from   General    Fund    (fee) 50  00 

Interest    71  40 

$  2.025  55 
Less  transfer  to  General  Fund   (interest) 71  40 

190fi,    March    Slst.     rash    Balance $1.953  95 


ALEXANDER  MONTGOMERY  LIBRARY  Fl'ND. 

1905.  March    26th.     Cash    Balance $1.470  8^ 

Interest    • 64  60 

I  1,S35  43 

Less  expenditures: 

Astronomical  Journal,  Nos.  1  and  4  of  Vol.   1 1  5( 

1906.  March   31st.     Cash   Balance '.  %  1.533  87 


DONOHOE    COMET-MEDAL    FUND. 

1905,    March    26th.     Cash    Balance I  747  55 

Interest    26  87 

I  774  42 

Less  engraving  medals  Nos.  48  to  52.  and  postagre 7  85 

190«;.    March   31st.     Cash    Balance $  766  .'»7 


BUrCE   MEDAL   FUND. 

]!M)5.    March    26th.     Cash    Balance $2.650  40 

Interest     120  i>9 

$   2.771  39 
Less  rt'niittance  to  A.  I)u!)ois  flls,  Paris   (sixth  award) 102  35 

ll«0»;.    March   :nst.     Cash    Balance $   2.6*5?  04 


JOHN   DOLBEER  FUND. 

1905.    March   26th.      Cash    Balance $   5.000  00 

Interest     21 S  5 


.) 


$  5.21S  52 

Less   iiitrr«'st   cxpemhMl   for  Publications   (see  resolution.   No. 

1 0.-,.    pa^o    207  ) 218  52 

1906.    March    :nst.      Cash    HalaiH-c .  .  .  . ". $  5.000  00 


WILLIAM    ALVORD  FUND. 

1905.   l>c(N»mher  2ftth.      Cash   reiM'lved  from  Estate  of  William 

Alvonl     $   5.000  00 
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FUNDS. 

Balances  as  follows: 
General  Fund: 

with   Donohoe-Kelly  Banking?  Co |        36  H 

Life  Membership  Fund: 

with  German  Savings  and   Loan  Society $      953  95 

South  Pacific  Coast  Railway  Co.,  $1,000  Bond. 

No.    3,406    1.000  00  1.953   95 

Alexander  Montgomery  Library  Fund: 

with   Security  Savings   Bank $      493  87 

Oakland   Transit   Consolidated,    $1,000   Bond, 

No.   4.328    1,040  00  1,533   87 

Donohoe  Comet-Medal  Fund: 

with  San  Francisco  Savings  Tnion 766  57 

Bruce  Medal  Fund: 

with   Mutual   Savings   Bank $      679  32 

Bay    Counties   Power   Co.,   $1,000    Bond,    No. 

1.636    1,012  50 

The  Edison  Electric  Co.,  $1,000  Bond.  No.  168         977  22  2,669  04 

John  Dolbeer  Fund: 

with    Union   Trust    Co $      970  28 

South  Pacific  Coast  Railway  Co..  $1,000  Bond. 

No.   3,407 1.000  00 

Oakland   Transit   Consolidated.    $1,000    Bond, 

No.   4,329    1.040   00 

Bay    Counties   Power   Co..    $1,000    Bond.    No. 

1.637    1,012   50 

The  Edison  Electric  Co..  $1,000  Bond.  No.  169         977  22  5,000  00 

William  Alvord  Fund: 

with  Humboldt  Savings   Bank $  2,500  00 

with  Savings  and  Loan  Society 2.500  00  5.000  00 

$16,959   54 

San  Francisco,  March   31,   1906. 

F.    R.    ZIEL.    Treasurer. 


Examined  and  found  correct 
CHAS.  S.  CUSHIN 
FREMONT  MORS 


^^'  \  Auditing  Commjttoe. 

The  report  was,  on  motion,  accepted  and  filed. 
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After  having'  read  his  address,  President  Townley  introduced  the 
lecturer  of  the  evening".  Professor  Perrine,  who  gave  an  account  of 
the  three  Eclipse  Expeditions  sent  out  by  the  Lick  Observatory  to 
observe  the  Eclipse  of  August  30,  1905,  and  showed  a  number  of 
photographs  of  the  stations,  of  the  instruments  used  and  of  the 
results  obtained  by  the  photographic  telescopes. 

The  following  resolution  was,  on  motion  adopted: 

Resolved,  That  all  the  acts  appearing:  in  the  minutes  of  the  meet- 
ings of  the  Board  of  Directors  of  this  Society,  as  havingr  been  done 
by  said  Board  during  the  past  fiscal  year,  are  here,  now,  by  this  Society, 
approved  and  confirmed. 

Adjourned. 


Minutes  of  the  Meeting  of  the  Board  of  Directors,  held  in 
the  Rooms  of  the  Society,  March  31,  1906, 

at   10   p.  m. 

The  new  Board  of  Directors  was  called  to  order  by  Mr.  Burck- 
halter.  A  quorum  was  present.  The  minutes  of  the  last  meeting 
were  approved. 

The  business  in  hand  being"  the  election  of  officers  for  the  en- 
suinof  year,  the  following  officers,  having*  received  a  majority  of  the 
votes  cast,  were  duly  elected: — 

President:  Mr.  Arrain  O.  Leuschner. 
First  Vice-President:  Mr.  C'has.  S.  Cushing. 
Second  Vice-President:  Mr.  A.  H.  Babcock. 
Third  Vice-President:    Mr.  W.  W.  Campbell. 
Secretaries:  Messrs.  K.  G.  Aitken  and  F.  R.  Ziel. 
Treasui-er:  Mr.  F.  R.  Ziel. 

Committee  on  tlie  Comet-Medal:  Messrs.  W.  W.  Campbell  (ex 
oitieio),  (has.  Burckhalter,  C.  D.  Perrine. 

Librai'v  Committee:  Mr.  von  Geldern,  Mr.  Richardson,  Mrs. 
Scliild. 

Mr.   von  Geldei'n  was  appointed  Librarian. 

The  President  was  authorized  to  appoint  the  members  of  the 
Finance  Committee,  and  made  the  following  selections: 

Finance  Committee:  Chas.  S.  Cushing  (Chairman),  \Vm.  H. 
Crocker,  D.  S.  Richardson. 

The   Committee  cm   Publication   is   composed   of   Messrs.  R.  G. 
Aitken  (I'hairman),  S.  D.  Townley,  B.  L,  Newkirk. 
Adjourned. 
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Mr,   W.  W.  Campbell ■.'... Third  Vloe-tri 

Mr.    R.    G.    Allkcn  (  „         .      . 

Mr.    P.    R.    Zlel Treasurei 

Board    of    Dlrectord — Messrs.    Altken,    Bobf^nck.    Burck halter,    Campbell, 

Crocker,  Cuahlng,   Hale.   Leuschner,    Rluhardson,   SpreckelB.   Zlel. 
PlnancB  Cammltteo — Messrs.  Cushing,  Crocker,  Hichardson. 
Conimlttee  on  Publira linn— Mens rK   Altken.  Townley,  Nowklrk. 
Library  Committee — Mr.  Von  Geldern,  Mr.  Rirlinrdson.  Mrs,  Schlld. 
C^>mmittee  on   the  Comet-MpdHl — Mensrs.  Campbell    <ex-officlo).   Burck- 


The  aitenUon  of  new  members  Is  called  lo  Article  VllI  of  the  By- 
Imwb.  which  provldi's  that  the  annual  Bubacrfptlon.  paid  on  elei-tlon. 
covers  [he  calendar  year  only,  StibaeQUent  annual  payments  are  due 
on  January  Ist  of  each  Kucceeding  calendar  year.  This  rule  Is  neces- 
sary In  order  id  make  our  book  keeping  as  simple  as  possible.  Dues 
BcJit  by  mall  should  be  directed  to  Astronomleal  Society  of  the  Paolfle, 
S19  Market  •treet,  San    Francisco. 

It  Is  Intended  that  eoch  memlwr  of  the  Society  shall  receive  a  copy 
of  each  one  of  the  Publlcalioos  for  the  year  In  which  he  waa  eleeted 
to  membership  and  for  all  subsequent  years.  If  there  have  been 
I  unfortunately)  any  omissions  In  [his  matter.  It  is  requested  that  the 
Secretaries  be  at  once  notified.  In  order  that  the  missing  numlfers  may 
be  supplied.  Members  are  requested  to  preserve  the  copies  of  the 
Publlontlotis  or  the  Society  as  sent  lo  them.  Once  each  year  a  title- 
pace  and  contents  of  the  preceding  numbers  will  also  be  sent  to  the 
members,  who  caii  then  bind  the  numbers  together  into  a  volume.  Com- 
plete volumes  for  past  years  will  also  bo  supplied,  "  — — ■-  — 
so  far  as  the  stock  In  hand  Is  sufflclent.  on  the  payn 

per    volume    to    either    of    the    Sec ..... 

within    the  I'nlted   States   can   obtain   books  froi 

by  sending  his  llbrnry  card  with  ten  cents  In  stamps  lo  mo  oBcretury 
A.  S,  P.,  819  Market  Street.  San  Francisco,  who  will  return  the  book 
and  the  cord. 

The  Committee  on  Publication  desires  lo  say  that  the  order  In 
which  papers  are  printed  In  the  Publlcntlona  Is  decided  simply  by  con- 
venience. In  a  general  way,  those  papers  are  printed  first  which  are 
earliest  accepted  for  publicntlon.  Papers  Intended  to  be  printe.!  In  a 
given  number  of  the  publications  should  ha  in  the  hands  of  the  Com- 
mittee not  later  than  the  SOIh  Of  the  month  preceding  date  of  publica- 
tion. It  is  not  posnlblc  to  send  proof  sheets  of  papers  to  be  printed 
to  aulhora  whose  resldencp  Is  nut  within  the  United  States.  The  re- 
sponslbilily  lor  the  views  expressed  In  the  papers  printed,  and  tor  the 
form  of  their  expression,  rests  With  the  writers,  and  is  not  assuiAed 
by  the  Society  Itself. 

The  titles  of  papers  for  reading  should  be  eommunictaed  to  either 
of  the  Secretaries  as  early  as  possible,  as  well  as  any  changes  In  ad- 
dresses. The  Secretary  In  San  Francisco  will  send  to  any  member 
of  the  Soelety  auilable  statlonerv.  stamped  with  the  seal  of  the  Society, 
at  cost  price,  as  follows:  a  block  of  letter  paper.  40  cents;  of  note 
pnpcr,  IE  cents;  a  package  of  envelopes.  2B  cents.  These  prices  In- 
clude postage,  and  should  be  remitted  by  money-order  or  in  U,  8. 
posmge  stamps.        The  sendlngs  are   at    Ihe  risk  of   the  member. 


id    the    meetings    at    Mount 

„„,,.„„ ^   ..,,  ,„ inlcalB  with  "Thi    "        

itronomlcal  Society  of  the  Pacltlc"  at  the  rooms  of  the  8 


should  communicate  with  "The  Secretary 
-       - -  -^- ■-—     819 


ABironomicaj  Bl*cieiy  in  trie  rntiKi.  "1.  •.*!•>  ."",.,,>  "-  V".,.  «.-^,-'-.,.  -;- 
Market  Street,  San  Francisco,  In  order  that  arrangements  may  be  made 
for  transportation,  lodging,  etc. 


•  ■. 


.••. 


.1 


•  -1 


:^ 


P  V  H  1,  I  C  A  T  1  (1  N  S 

Astronomical  Society  of  the  Pacific. 


Vol.  XVIII.     Sam  Pramcisco,  California,  Junh  io,  1906.      No.  108. 


A  STATEMENT  BY  THE  PRESIDENT  OF  THE 
SOC'ICTY. 

The  first  ri'truliu-  imi'ting  of  the  society  since  the  California 
earthtjuake  of  April  IHth,  and  the  snbscqiient  L'oiitl a g ration  in 
San  Francisco,  was  held  on  the  evening  of  June  9th.  By  cour- 
tesy of  the  president  of  the  I'nivei-J^ty  of  fHlifornia,  the  mem- 
bers of  the  society  wei*e  weleomed  to  a  temporary  home  in  tto 
Students'  Observatory  at  Berkeley.  The  former  moms  of 
the  society  in  the  California  Academy  of  Seienues  Building  in 
San  Praneiswi.  with  a  fine  collection  oE  photographs,  and  a 
splendid  librarj%  acquired  by  judicious  purchase  throughout 
the  seventeen  years  of  the  aoeiety's  esistence  and  enriched 
by  generous  private  doniition  am!  contribution  from  astron- 
mical  observatories  and  learned  societies  all  over  the  world, 
were  totally  destroyed  by  the  fire,  which  wiped  out  the  busi- 
ness section  of  San  Francisco  and  the  greater  part  of  the  resi- 
dence districts.  The  insurance  of  $2500,  which  the  society 
carried  on  ita  belongings,  in  the  Academy  of  Science  Build- 
ing, will  suffice  only  for  a  partial  restoration  of  it«  property. 
Among  the  more  valuable  sets  of  publications  lost,  are  sev- 
eral which  probably  cannot  be  completely  replaced.  Never- 
theless, the  president  and  the  directors  are  confident  that  an 
appeal  to  be  issued  to  the  leading  astnmomical  obs'irvatoi'ies 
and  societies  as  well  as  to  authors,  will  soon  give  the  society 
a  new  and  valuable  library. 

Number  107,  of  the  PvbUcations  was  to  be  mailed  on  the 
day  of  the  disaster,  hut  the  secretary  was  not  permitted  to 
cross  the  6re  lines  and  thus  the  whole  edition,  with  the  ex- 
ception of  a  angle  advance  copy,  was  burned  in  th'  printing 
establishment.  This-  number  was  immediately  reprinted  in 
Los  Angeles  and  has  since  been  distributed.  The  present 
number  108  has  been  unavoidably  delayed,  hut  from  now 
on  the  Publications  will  continue  to  appear  as  though  nothing 
had  happened.  By  a  wise  provision  of  tlie  first  board  of 
directors,  a  supply  of  the  Publications  has  been  regularly  de- 
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posited  at  the  Lick  Observatory'  and  has  thus  escap<;d  destnic- 
tion. 

The  Finauee  Committee  reports  tJiat  the  pennanent  funds 
of  the  »)eiety,  aggregating  nearly  $17,000,  are  intact,  and  the 
bequest  of  Morris  Rieman,  of  Chicago,  Illinois,  amounting 
to  $500.00  has  just  been  received.  The  society's  mem- 
bership is  scattei-ed  all  over  the  globe  and  is  as 
strong  as  ever.  Thus,  after  all,  the  society  has  every  rea- 
son to  be  thankful.  A  source  of  particular  pleasure  to  every 
member  of  the  society  must  be  the  fact  that  every  astrono- 
mical observatory  of  the  State,  including  the  Lick  Observa- 
tory and  the  Solar  Observatory  of  the  Carnegie  Institution 
remained  absolutely  unharmed.  At  the  Student*'  Observa- 
tory, which  was  nearest  to  the  fault  line,  nothing  was  dis- 
turbed, not  even  a  book  dropped  from  the  dielves. 

The  society  has  lost  none  of  its  enthusiasm  and  will  con- 
tinue to  disseminate  the  results  of  research  in  the  oldest  and 
noblest  of  sciences,  through  lectures  and  publications,  with 
ever  increasing  vigor  and  let  it  be  hoped,  eflFectiveness. 

A.  0.  Leuschner. 

Berkeley,  Cal.,  June  9,  1906. 


Notice  To  Members  And  Correspondents. 

Until  further  notice  all  publications  intended  for  the  so- 
ciety, should  be  addressed  to  the  library  of  the  Astronomioal 
Society  of  the  Pacific  (care  of  the  Students'  Observatory, 
Berkeley,  California.)  The  business  address  of  the  society  is 
806  Franklin  street,  San  Francisco,  Cal.,  U.  S.  A.,  F.  H. 
Ziel,  secretar>^ 

]\rerii])ers  of  the  society  and  othei's  having  extra  copies  nt* 
Nos.  1,  2,  and  48,  of  the  Pwblications  are  requested  to  for- 
ward them  to  the  secretary  at  Mount  Hamilton,  for  the  com- 
pletion of  the  sets,  which  have  escaped  destruction. 
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OByEKVATIONS  OF  DISTANT   KARTHQUAKES". 
Bv  F.  Om(jki. 

The  earthquake  luolion  cotisists  in  general  of  several  sets 
of  vibrations,  whose  amplitude  and  period  range  within 
wide  limits.  We  shall  find  it  eonveuieut  to  divide  the  mo- 
tion into  two  classes:  the  Sensible  or  Macro-Seismic,  namely 
that  which  can  be  felt  ns  tremblings  or  shocks;  and  the  In- 
s'iiiiible  or  M-icro-Scismic,  namely  tliat  which  cannot  be  felt. 
Ill  the  former,  quick  vibrations  eo-esist  with  slower  ones, 
while  in  the  latter  qiiiek  vibrations  are  either  absent  or  ex- 
tremely minute.  Some  of  the  vib.ations  in  the  insensible 
motion  are  as  large  as.  or  even  larger  than,  the  vibratiou  in 
small  but  sensible  local  eHrthquakes;  thty  are  insensible  only 
because  their  period  is  verj-  long  and  consequently  their  ac- 
celeration small;  the  lowest  limit  of  the  "intensity"  or  ac- 
celeration of  tiie  sensible  motion  being  about  17"""  per 
second.  The  quick  period  and  short  length  waves  in  the 
earthquake  motion  are  diasipa,ted.  with  the  increase  of  the 
distance  from  the  center  of  disturbance,  more  rapidly  than 
the  slow,  and  long  waves;  the  result  being  that  the  motion 
due  to  a  distant  earthquake  is  simpler  in  eliaraeter  than  that 
due  to  a  near  one,  and  is  entirely  micro-seismic  or  insensible. 
A  "distant  earthquake"'  may  here  be  taken  as  denoting  a 
seismic  disturbance,  whose  epi-central  distance  from  a  given 
station  is  over  some  2000'""  or  1500  miles. 

The  Earth's  crust  being  regarded  as  an  elastic  medium 
through  which  seismic  waves  are  propagated,  -the  investiga- 
tion of  these  waves,  of  their  mode  of  propagation,  and  their 
behavior  under  various  circumstances  form  a  ver.v  important 
branch  of  the  physics  of  the  Earth,  and  especially  the  observa- 
tions of  distant  earthquakes  lead  to  several  interesting  results, 
which  may  help  the  solution  of  some  of  the  important  prob- 
lems relating  bo  the  condition  of  the  Earth's  interior.  By 
means  of  modern  seismographs,  which  are  very  sensitive,  we 
cnn  ob.serve  a  great  earthquake  in  any  part  of  the  world,  the 
motion  due  to  such  a  disturbance  lasting  generally  from 
1  to  5  hours. 

NEAR  EABTHQVAKES.  For  the  sake  of  reference,  I 
sliall  state  briefly  the  character  of  an  ordinary  or  sensible 
earthquake  distiu-bance.  Such  a  motion,  as  observed  with  a 
seismograph,  begins  always  with  \ibrations  of  small  ampli- 
tude and  comparatively  short  period.  These  are  known  as  the 
preliminary  tremors  and  last  from  a  few  seconds  to  a  few 
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minutes ;  next  come  those  of  large  amplitude,  constituting  the 
principal  and  most  active  part;  and  finally  the  earthquake 

Diagrammatic  Representation  Op  The  Earthquake  Motion 


ABC  D 

a B— Preliminary  tremor.       BC— Principal  portion.  CD— End  portion. 

ends  with  feeble  movements,  which  may  be  called  the  end 
portion.  When  the  origin  of  the  disturbance  is  near  to  the 
c)bser\'er,  a  rumbling  sound  like  that  of  distant  thunder,  or 
a  rushing  sound  like  a  blast  of  wind  is  heard  just  before  the 
arrival  of  the  tremblings  of  the  ground.  These  sound 
phenomena,  which  are  of  frequent  occurrence  in  a  locky  dis- 
trict, but  verj-  rare  at  places  situated  in  plains,  are  probably 
duo  to  the  rapid  vibrations  existing  in  the  preliminary 
tremor.  The  well-known  fact  that  some  animals  often  show 
signs  of  discjuietude  just  before  an  earthquake,  is  probably 
due  to  their  having  an  acute  feeling  and  being  alarmed  at 
the  first  movements  of  the  preliminary  tremor.  The  duration 
of  the  preliminary  tremor  does  not  depend  on  the  magni- 
tude of  the  earthquake,  but  is  found  to  vary  with  radial 
distance.  Thus  if  Y  denote  the  duration  of  the  preliminarj' 
tronioi-s  of  an  eartJiquake,  at  a  place,  whase  distance  from 
the  orijsrin  of  disturbance  is  X,  we  have  the  following  em- 
pirical equation : 

Xkm  =  7.27Y^«  +  38*™ 

v/hich  is  to  ])e  used  for  values  of  X  between  100  and  1000 
km.  This  equation  is  ver>'  useful  and  enables  us  to  estimate, 
from  the  diagram  Uiken  at  any  station  by  a  sufficiently  sen- 
sitive seismogi'aph,  the  distance  of  the  earthquake  origin. 
Or,  if  the  seismogniph  records  be  simultaneously  taken  at 
two  or  more  stations,  we  can  easily  fix  the  approximate  po- 
sition of  the  origin.  As  an  example,  I  refer  to  the  excellent 
Ewing  seismograph  record*  taken  by  Dr.  Campbell  at  the 
Lick  Ohsei'\'ator>^  of  the  great  earthquake  of  April  18th,  last. 
According  to  that  seismogram,  the  prelindnary  tremor  lasted 
about  10  to  12  seconds,  fi-om  which  it  may  be  inferred  that 
the  most  central  part  of  the. great  disturbance  was  at  a  dis- 
tance of  about  130i«"i,  or  some  80  to  90  miles,  from  Mount 
Hamilton. 


•c 


See  illustration  facinjjr  pa^e  212. 
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The  duration  of  the  strnnsest  part  in  the  principal  portion 
in  destructive  eartliiiUBkes,  which  varieit  generally  between 
4  and  10  seconds,  u-uchi's,  in  case  of  extensive  disturbance, 
some  30  secondn.  Prom  the  Lick  Observatflry  seismogram 
above  mentioned,  the  duration  of  the  principal  portion  in 
the  recent  fireat  ahakinj^  seems  to  have  been  about  40  aeciinds. 

In  Hiijjht  earthquakes,  the  movement  of  the  ground  is  small, 
being  a  mere  fraction  of  a  tenth  of  an  inch.  When  the  mo- 
lion  reaches  some  one-half  inch,  the  earthquake  becomes 
strong  and  may  cause  sli|;!ht  dama^je.  When,  furtlier,  the  mo- 
tion reaches  a  few  inches,  th(^  earthquake  is  destructive,  and 
ordinary'  brick  houses,  chimneys,  etc.,  will  be  considerably 
damagi'd.     The  motion  in  the  strongly  shaken  parts  of  San 

K Francisco  in  the  recent  earthquake,  was  probably  3  inches. 
In  ordinary  cases,  the  vertical  component  of  the  earth- 
qaake  motion  is  ranch  smaller  than  the- horizontal,  being, 
even  when  very  great,  unable  by  itself  t<t  produce  any  f-reat 
danmRe.  In  fad,  with  respect  tcr  the  destructive  power  of 
the  earthquake  motion,  the  vertical  eomponent  is  only  of 
secondary  importance  in  comparison  witli  the  horiEontal;  in 
other  wordB,  the  seismic  damage  to  structures  may,  except- 
ing the  eases  of  sinking  of  foundations  or  collapsing  of  tliin 
and  weak  vaidts,  be  regarded  as  due  to  the  horijiontat  motion. 
DISTANT  EARTHQUAKES.  A  careful  examinaUon  of 
seisuiograms  shows  that  the  earthquake  motion  consists  gen- 
endly  of  several  phases  or  sections,  in  each  of  which  the  pe- 
riod remains  essentially  constant,  while  the  amplitude  is  also 
on  the  whole  constant,  except  for  the  occurrence  of  iiiax- 
ininm  and  minimum  groups. 

LaR-VUUATlC  REt'REKKNTATION  OP  THE  EABTHQIAKE  MoTlON 

I'ROC!':EDiV(i  From  a  Distant  Obkiin. 
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J— Enil  portion. 


Thfi  successive  phases  of  the  earthquake  motion,  ilhistrnted 

the  figure,  are  as  follows : 

The  preliminary  tremor,  which  eonsLsts  of  vibrations  of 
aall  amplitude  and  of  eompanitivcly  short  period,  is  divided 
ito  the  earlier  portion  or  the  first  preitnvinary  (rcmor,  «aA 
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tho  later  portion  or  tlie  second  preliminary  tremor.  Com- 
mencement of  the  latter  is  marked  by  an  increase  of  the  am- 
plitude, and,  in  many  cases,  also  by  the  appearance  of  slow 
undulations. 

The  principal  poHioti  denotes  the  most  active  part  of  an 
earthquake  which  follows  the  preliminary  tremors  and  con- 
sists of  movements  of  larger  amplitude.  The  earlier  part  of 
the  principal  portions  is  further  subdivided  into  three  suc- 
cessive staf?es  as  follows:  (a)  the  first  phase,  consisting  of  a 
few  very  slow  movements;  (b)  the  second  phase j  consisting 
of  slow  movements,  whose  period  is  generally  somewhat 
shorter  than  in  the  first  phase;  (c)  the  third  phase,  consist- 
ing of  vibrations  of  a  period  much  quicker  than  that  in  the 
preceding  two  phases.  The  third  phase  is  followed  by  others 
of  smaller  amplitude.  (FG,  GH,  etc.,)  which  may  be  tenned 
respectively  the  fourth,  fifth,  sixth,.  .  .phases  of  the  prin- 
cipal portion. 

Lastly,  the  end  portion  denotes  the  feeble  finishing  part 
of  earthquake  motion,  which   follows  the  principal  portion. 

In  earthquakes  of  near  origin,  the  motion  is,  on  account 
of  the  existence  of  quick  vibrations  of  maero-seismic  char- 
acter, much  more  eomi)lex  than  in  distant  earthquakes,  it 
being  generally  diflficult  to  subdivide  the  principal  portion 
into  the  different  pha.^»s. 

A.s  in  the  ease  of  near  earthquakes,  the  duration  of  tlu* 
preliminary  tremors  at  a  given  place  is  found  to  depend  on 
the  distanee  of  the  origin:  thus  let  X  denote  the  actual  dis- 
t^ncM>  between  the  epicenter  and  the  oliserving  place,  and  V 
the  total  duration  of  the  fii-st  and  second  preliminary  tremors, 
then  we  have  the  following  empirical  relation: 

which  has  be(»n  deducinl  from  the  -observation  of  different 
eailhcjuakcs,  whose  X  vari(»d  between  2000  and  14,0<X)^"^. 
Again,  if  Yj  denote  th(»  duration  of  the  first  preliminary 
ti'enior.  X  having  the  wuiie  signification  as  befoi*e,  we  get  the 
following  fonnula  : 

Each  of  tlu^sc  c(juations  may  be  used  for  determining  at  once 
the  distancM'  of  nn  unknown  carth(|uake  from  the  reconl  taken 
at  any  given  phicc. 

The  time  (—  '\\)  of  occurrence  at  the  origin  of  any  distant 
earthquake  may  approximately  l>e  calculated,  from  the  seis- 
mographical  record,  by  the  following  empirical  formula: 

T,  =  T- 1.165  Y, 


f 


Ik' 


Astroniimical  fiariely  of  the  Pacific.  ID" 

wlit're  Y,  has  the  same  meaning  as  before,  and  T  denotes  the 
lime  of  earthquake  occurrence  oltserved  at  n  niven  place. 

FVLSATOKY  OSCILLATIONS.  Before  going  further. 
Itt  me  refer  to  a  phniumpnon  called  "pulsntory  uscillationx." 
These  are  small  slow  |mlai'-like  movements  whieh  are  not  of 
the  earthquake  urifjiii ;  the  yrimnd  being  moie  or  less  in  a  state 
el'  vibriitinn  even  wherj  there  is  uo  eattliquake  at  all.  In  some 
jirimounoe'l  storms  of  pulsatory  Dscillntions,  the  motion  is 
quite  ttit  large  as  in  sTuall  earthijuakea ;  the  maximum  ampli- 
tude in-  each  wtiiipoueut  heinjj:  soirietimes  nwarly  0.2""". 
Again,  the  horizontal  motion  is,  in  general,  much  greater 
than  thi'  vertienl,  although,  in  wmie  cases,  the  latter  is  very 
marked  and  nearly  equal  to  the  former.  The  pulsatory  oseil- 
!;>Iinns.  \vlii<-h  ruay  last  for  several  days,  do  not  indicate  any 
suciTssiou  lit'  different  pha.si>s  as  in  the  case  of  a  gi-eat  dist-ant 
eartliiiuake.  ulthoiv^h  they  are  subject  to  alterations  of  max- 
imum and  minimum  groups.  As  the  period  of  pulsatory  oscil- 
lationa  variea  little,  and  remains  constant  for  several  suc- 
cessive liours.  it  may  be  supposed  that  these  movements  rep- 
regent  the  proper  vibrations  of  certain  portions  of  the  Eiartli'a 
enwt,  such  for  instane*  as  the  plain  of  Musaslii  on  which 
'I'okio  is  situated.  In  fact,  the  different  portions  of  the 
Karth's  crust  are  coutiuuaUy  executing  greater  or  less  move- 
utents,  and  the  period  of  some  of  these  vibrations  ought  to 
be  detenuinable  in  each  ca.se  from  tlie  geotectonic  circum- 
stances of  the  locality. 

A  careful  examination  of  the  horizontal  pendulum  dia- 
nhtaiued  in  Tokio  shows  that  the  pulsatory  ()3cillation8 

insist,  in  most  cases  essentially  of  vibrations  with  a  period 
of  about  4  sj'cjtnds,  more  or  less  mixed  up  with  those  of  a  pe- 
riod of.abimt  8  seconds.  The  vibrations  of  4  seconds  period 
occur  very  fre(iuently,  but  eases  are  not  wanting,  where  the 
vibrations  of  the  8  seconds  period  predominate  almost  ex- 
clusively. Again,  there  ore  sometimes  cases  in  which  the  two 
kinds  of  vibrations  occur  in  different  parts  of  one  and  the 
same  diagram.  The  average  values  of  the  periods  of  these 
of  vibrations  are  respectively  4,4  sec.  {=Q,)  and 
.0  sec.  (=Qi).  We  may  perhaps  assume  that  the  8  seconds 

^riod  vibration  constitutes  the  fundamental  oscillation 
imper  to  the  Tokio  plain,  the  4  seconds  period  being  one  of 
harmonies. 

The  average  period  of  the  principal  pulsatory  oscillations 
4)t  Osaka,  Formosa,  (iiittingen,  and  sotne  other  places,  is 
either  nearly  4  seconds  or  nearly  8  seconds.  It  may  be  that 
the  peri<id  {or  periods)  of  the  pulsatory  oscillations  is  ap- 
proxitnately  constant  all  over  the  world. 
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Pulsatory  oscillations  generally  accompany  a  cyclone.;  the 
effect  of  a  great  atmospheric  depression  being  already  sensi- 
ble at  a  distance  of  some  thousand  kilometers.  In  a  few  cases, 
however,  pronounced  storms  of  pulsatory  oscillations  oc- 
curred on  days  when  very  quiet  weather  prevailed  all  over 
Japan. 

In  Tokio,  earthquakes  occur  rather  ra^rely,  while  pulsatory 
oscillations  are  going  on  actively.  On  the  other  hand,  there 
are  often  local  shocks  when  these  oscillations  come  to  a  state 
of  minimum  activity. 

PERIODS  OF  EAKTUQUAKE  VIBRATIONS.  The  pi-e- 
dominating  periods  in  the  different  phases  of  the  distant 
earthquake  motion  observed  at  Hitotsubashi  (Tokio)  were  as 
follows;  those  ver>'  frequently  occurring  being  given  in  black 
letters. 

sec.  sec.    sec. 

1st    preliminary   tremors 1.04  4.6    8.7 

2nd  **  **       8.6  14.8 

:Jrd  section 22.9  27.6 

4th       ''       13.6  17.8  22.3    25.9 

oth       **       9.3  13.6 

Tail 9.6  16.0 

It  will  be  observed  that  the  two  periods  of  about  4.5  and 
8.5  sec.  occur  most  frequently  in  the  preliminary  tremors; 
this  being  also  the  case  with  the  observations  at  Hongo  (Uni- 
versity. ) 

Thus  there  are,  in  the  first  and  second  preliminary  tremors, 
two  predominating  periods,  which  may  be  denoted  by  P^  and 
P,    and  whose  mean  values  are 

Pi  =^  4.6  sec,  Pj  =  8.3  sec. 

Now  tlu'se  are  pnictieally  identical  respectively  with  the  two 
periods,  Q  =  4.4  sec.  and  Qg  =  8.0  aec,  found  for  the  pul- 
satory  oscillation  in  Tokio.  Moreover  the  periods  P,  and 
P2  do  not  depend  on  the  distance  of  an  epicenter  from  the 
observing  station,  or  on  the  nature  of  the  disturbance  at  the 
seismic  ori»rin,  but  are  characteristic  of  the  region  about 
Tokio.  A  similar  conclusion  probably  holds  good  also  for  the 
periods  in  other  sUiges  of  the  eai-thciuake  motion.  The  conclu- 
sion is  that  the  principal  vibrations  in  the  preliminary  tremors 
of  distant  eai'tlKjiiakes  and  pulsatory  oscillations  are  identical 
ph(»nomona.  The  existence  of  1\  and  P,  vibrations  in  the 
principal  jjortion  of  the  distant  earthcpiake  motion  has  been 
confirmed  by  the  recent  earthquake  observations  made  in 
Formosa,  and  also  by  the  observations  in  Tokio  of  the  great 
Indian  eartlujuake  of  April  4th,  1905. 
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We  may  probably  explain  the  existence  of  the  preliminary 
ireiuors  somewhat  as  follows:  The  waves  of  the  preliminary 
tremors  are  trauainitted  along  a  deep  layer  of  the  Earth's 
i;iiist  with  a  velocity  of  some  IJ"™  of  which  I  shell  speak 
presently,  and  communicate  a  sort  of  stress  to  the  superin- 
i-unibent  surface  layerof  the  Earth's  crust  in  the  region  about 
Ihe  observing  station ;  the  latter  being,  in  consequence,  thrown 
into  its  own  pn>per  vibratioua  In  fact,  the  preliminary 
tremors  seem  to  be  nothing  else  than  the  pulsatory  oscilla- 
tions, caused  by  the  waves  transmitted  along  a  deep  layer  of 
the  Earth 's  crust  from  the  origin  of  earthquakes. 

Taking  the  observations  uf  great  distant  earthquakes,  pre- 
<b>minating  periods  in  the  difTcrent  phases  of  the  motion  were 
finind  to  be  as  follows: 

aeo.      see.      sec, 
1st.  preliminary   treimirs    4.1       7.8     13.9 

and        "  "      4.8     a.-i    lo.O 

Principal  Portirtii,    1st  phase    .....3(5.1 

•2nd  phase :i7.5    33.7 

^"                 "         3rd  phase   20.4    24.0 
4th  phase   11.7     14.9 
"                "         fith  phase   14.3 
"                 "         (ith  phase   14.5 

End  Portion   9.9     14.3     19.8 

The  durations  of  the  different  phases  of  the  earthquake  mo- 
tion are  roughly  equal  lo  one  another;  the  first  and  second 
phases  of  the  principal  portion  being  taken  together. 

The  amplitude  of  motion  is  smallest  in  the  first  preliminary 
tremors,  and  gfeatest  in  Ihe  second  and  third  phases  of  the 
principal  portion. 

The  mean  relative  maximum  amplitudes  in  the  first  and 
second  preliminajy  tremors  and  in  the  snecessive  phases  of 
tho  principal  portion  were  as  follows: 

First  preliminary  tremor    100 

Second  preliminary  tremor 51)0 

.  ii'irst  phase,  principai  pt>rtion   550 

M>nd  phase,  principal  portion  ISJO 

^hird  phase,  principal  portion 1220 

Fourth  phase,  principal  portion   840 

Fifth  phase,  principal  portion  560 

Sixth  phase,  principal  portion  430 

THE  VELOCITlfCS  OF  FIWPAGATJON  OF  THE  VI- 
BRATIONS.   In  calculating  the  velocities  of  propagation  of 
Fidistant  earthquake  waves,  it  makes  a  great  difference  accord- 
iig  as  we  suppose  the  waves  to  be  propagated  along  the  chord 
fcf  the  Earth  joining  the   origin   to   the   observing  station  or 
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parallel  to  the  surface.  Calculated  on  this  latter  supposition, 
which  set»nus  to  be  more  probable,  the  velocities  of  the  dif- 
ferent waves  of  the  earthquake  motion  come  out  approxi- 
mately the  same,  irr(*spective  of  the  arcual  distances,  those 
eases,  in  which  epieentral  distance  is  small,  say  some  30  de- 
jrrees,  beinjr  excluded.  On  the  chord  supposition,  the  corre- 
sponding velocities  come  out  quite  different,  according  to  the 
distances. 

If  we  denote  by  V^,  V2,  V,,  V4,  Vs,  Ve,  V7,  and  Vg,  the 

ve](K*ities  of  propa<ration  (supposed  parallel  to  the  Earth  s 
surface)  of  the  wavers  at  the  connnencement  of  the  successive 
phases  of  the  (»arth(|uake  motiou,  their  mean  values  are  as 
follows: 

Vi  -    13.7  km  per  sec  Vs  =  3.3  km  per  sec. 

V2  "—    7.2  km  per  sec.  Vc  =  2.8  km  per  sec. 

Vs  --    4.6  km  per  sec.  V7  ==  2.4  km  per  see. 

*V4  ^^   —  km  per  sec  Yg  --  2.1  km  per  sec. 

Now  the  velocity  of  propap:ation  of  the  vibrations  at  the 
commencement  of  the  principal  portion  of  a  near  earthquake 
is  3.3*^"^  (or  2  miles)  per  second,  w^hich  is  the  same  as  V$ 
above.  Hence  it  is  evident  that  the  vibrations  in  the  third 
phase*  of  the  principal  portion  are  transmitted  along  the  sur- 
ffico  of  the  Eaiih's  crust. 

The  tiarLsit  velocity  of  the  vibrations  of  the  first  preliminary 
tremor,  naincly,  V^,is  very  threat  and  no  known  rock  has  an 
cla-stic*  modulus  sulliciently  lar^^e  to  propagate  with  such  a 
lii«i:li  vi'Iocity,  wlictlicr  the  vibiations  be  longitiulinal  or 
trjuisvcise.  llcuei*  we  must  conclude  that  the  waves  of  the 
first  preliminar-y  tremor  are  transmitted  alonj?  some  path 
within  the  Eai*th's  crust.  As,  however,  the  duration  of  the 
(list  pi'cliiiiinnry  tiemor  at  a  <;iven  station  is  very  ne^irly 
proportional  to  the*  areual  distance  between  the  latter  and 
the  cartluiuake  ori<rin,  it  seems  likely  that  the  waves  of  the 
fii>;t  preliminaiy  tremor  are  tiansmitted  parallel  to  the  sur- 
face of  the  Karth  and  at  a  probably  constant  depth  below  it; 
tile  law  of  the  fii-st  pi'eliminary  tremor,  or  generally  the  pn*- 
liminary  tiemor,  bein«r  explained  on  the  supposition  that  the 
waves  of  the  first  and  second  preliminary  tremors  and  of  the 
pi'incipal  portion  are  all  j^'cnerated  simultaneously  at  the 
earth(|uake  oi'iirin,  l)ut  arc  jzradually  separated  from  one  an- 
other as  the  (listuri)ance  spreads  from  the  latter  on  account 
of  the  difiVrence  of  the  transit  velocities.  The  layer,  alonjr 
which  the  liitrh  vel(K'ity  (V,)  waviN  are  propagated  may  prol>- 
ably  mark  the  limit  beyond  which  the  seismic  waves  are.  on 
account  of  ceilain  physic^d  propeHies  of  the  underlying  me- 

•Not  deflnitely  known. 
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diiitn.  unalile  to.penetrate ;  or  may  be,  as  Professor  Nagauka 
suggests,  one  of  the  iiiaximiim  transit  velooit.v.  A  very  rough 
calculation,  based  tin  the  n-lation  of  the  dnration  of  tho  first 
l)retiininary  treitidi-  and  the  cpicentral  distance,  and  on  the 
value  to  the  different  vi'louities,  frives  UOO'""  or  about  400 
niiles,  as  the  pi-obahle  depth  of  the  layer  nlonp  which  the 
vibrations  of  the  first  preliiuinary  tremor  are  propagated. 

It  is  pnibnble  that  the  waves  having  veloeities  V,  and  Vj 
iire  transmitted  along  layers  at  some  smaller  depths  within 
the  Earth's  enist. 

I'HOPAdATlOS  OF  THE  SEISMIC  MOTION  COM- 
riETELY  AKOUND  THE  EAHTH.  Lu^t  T  be  the  ohservinjr 
staliiin  and  C  the  earthtiuahe  origin.  Then  there  are  tliree 
sets  of  motion,  which  ean  be  distinK'iislipd  and  which  we  ahaJl 
denote  respectively  W,,  W,  and  Wj  waves: 

Firsily.  the  W,  waves  are  those  propacraled  from  C  to  T 
along  the  shortest  path,  parallel  to  the  surface,  namely  along 
the  iiiirinr  arc; 

Sn-t'iidli),  the  W,  waves  are  those  propagated  from  C  in 
lilt-  ijpposit-e  direction  and  arriving  at  T  after  passing  through 
the  antipnde  of  C,  namely,  along  the  major  arc ;  and 

Tliirtlly,  the  W,  waves  are  the  Wj  waves  whieh  are  pi-opa- 
giiled  beyond  T  in  the  same  direction,  and  again  arriving  at 
T,  afti'r  makiTiv;  one  complete  circuit  of  the  Earth. 

'riie  iileiitifii-iiliiin  of  the  W,  waves  is  po,s.sil>le  only  in  a 
vi-L-y  siii;ill  iiiiinher  of  cases:  that  of  the  W3  waves  is.  however, 
niiin-  defiiiile,  Lviiig  usually  ch«raeterized  by  the  fact  that 
their  period  is  much  slower  than  those  of  the  preceding  vi- 
brations which  form  the  end  portion  of  the  W,   waves. 

The  average  period  of  the  Wj  waves  is,  with  a  few  ex- 
ceptions, very  uniform  and  gives  a  mean  value  of  20.4  sec, 
which  is  identical  with  tJie  predominating  period  in  the  third 
pha.se  of  the  principal  portion;  the  period  of  the  W*,  waves 
is  also  probably  nearly  the  same  as  that  of  the  Wj  waves. 
These  facts  seem  to  iiidieuli'  ihiit  the  W,  and  Wj  waves  are 
the  siuuc  as  those  jvhii-li  I'onstiliite  the  third  pluLse  of  the 
principal  portion  of  the  enilhtjinikt'  proper. 

The  time  inter\'al  between  the  arrival  of  tiie  W,  and  of 
the  Wj  waves  is  3h.  20m,  463.,  this  agrees  with  the  time 
that  would  be  tjiken  by  the  vibridions  in  the  third  phase  of 
Ibe  prineipid  puL-linii  in  iriakiiig  one  eiiii)|ilete  circuit  around 
the  Kiirtli.  with  \h<-  veh.eitv  nf  :iM^'"  |iei-  second. 

THE  SAX  rhASCISCil  E.lh'TIIQIAKE  OBSERVED 
ly  TOKIO.  As  an  example  of  a  large  disUiiJ,  earth(|uake 
observed  in  Tokio,  I  may  mention  the  great  shock  of  April  18, 
last.    The  time  of  co^nnlencement  in  Tokio  of  the  earthquake 
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was  5h.  24m.  358.  a.m.  (Pacific  time;)  the  tptal  duration  of 
motion  boinp  5  liours.  The  duration  of  the  first  preliminan- 
tremor  was  9m.  49s.,  from  which  the  approximate  arcual  dis- 
tiincc  between  the  orijnn  of  the  earthqitabc  and  the  observinK 
place  was  calculat-ed  to  be  about  5400  miles,  and  the  time  of 
the  occurrence  at  the  origin  of  the  shock  to  be  about  5h.  13  m. 
5s..  A.  M.  (P.  S.  T.) 

The  first  displacement  of  the  well-defined  horizontal  vibra- 
tion at  the  commencement  of  the  second  preliminary  tremor, 
was  directed  toward  S  27*  W. ;  the  counter  displacement 
being  directed  towards  N.E.  It  will  l)e  observed  that  the  di- 
rections of  these  movements  were  approximately  equal  to  the 
direction  of  the  frreat  circle  joinincr  Tokio  with  the  oripin  of 
disturbance,  namely  R.W.  and  N.E. 

At  about  7h.  31m.  A.  M.,  fP.  S.  T,)  namely,  2h.  6m.  35s.  af- 
ter thecommencement  of  the  disturbance,  there  besran  vibra- 
tions which  correspond  to  the  same  earthquake  motion  propa- 
prated  aloncr  the  major  arc  of  the  Earth,  namely,  which  travel- 
ed from  the  cent<*r  in  a  southeastern  direction,  throuisrh  South 
America,  the  Atlantic  and  the  Indian  Oceans. 

As  other  examples  of  lanre  earthquakes  which  disturbed  tbo 
west  or  Pacific  Coast  of  the  American  continent,  T  may  men- 
tion the  following: 

Alaska  earthnuake  on  September  3d  and  10th,  1899,  and  on 
October  9th,  1900. 

Contral  American  earthquakes,  on  April  18th  and  Septem- 
ber 2l>nd,  1902. 

Panama,  Colombia  and  Equador  earthquake,  on  Januan' 
31st,   190n. 

Now  the  whole  Pacific  Coast.,  which  forms  one  of  the  uhvM 
active  seismic  districts  in  the  world,  is  frequently  visited  by 
earthquakes  of  diff^erent  size  and  intensity.  Larsre  destructive 
earthquake's  have,  however,  a  tendency  to  happen  in  prroups, 
namely,  they  occui*  at  difl'erent  parts  of  a  priven  repn^n  or 
zone  in  the  course  of  a  few  years.  Thus,  as  mentioned  above, 
there  w(M-e.  between  September,  1899,  afid  January,  190fi,  a 
series  of  six  extensive  disturbances  which  affect-ed  tho  whole 
west  coast  from  Ala.ska  down  to  South  America,  indicatinir 
that  these  earthquakes  were  of  no  local  character,  but  that 
trroat  stresses  were  iroincr  on  alonjx  the  Pacific  border,  sucsh  that 
the  extension  of  the  seismic  disturbance  to  the  coast  of  the 
Unit/^d  States  would  have  been  a  most  natural  event  to  be 
expected.  The  ereat  eaHhquake  of  April  18th  last,  may  there- 
fore be  re<^arded  as  havinpr  comnleted  the  continuity  of  the 
manifestation  of  the  seismic  activity  along  this  part  of  the 
world.  Now  an  earihquake  is  caused  by  the  exiatence  of  a  weak 
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mint  uudei-KroiuHl,  w'hich,  readiing  the  tiniit,  finally  gives 
e  to  a  sudden  disturbauce  which  tonus  the  source  of  wave 
■jnotion  prn|>uKated  thr-ough  the  rook  and  the  soil.  A  very 
exifnsive  eartlKiuake,  stieh  as  thiit  of  April  18th,  may  thos  be 
ngardeil  as  having  removed  a  cimsiderable  unstJiliilily  es- 
istiuy  in  this  part  of  the  Eaith's  i-ru3t;  those  regions  moat 
violently  shaken  becoming  seisiiiicjilly  tlie  safest  piaw  for  a 
leitain  time  interval  to  come.  As  a  mattVr  of  fact,  tlierc  has 
been  no  cjise  in  which  great  carth(|uakcs  have  oripinat^'d  sue- 
eeawvely  at  one  and  the  s«me  center. 
r  The  small  after  shocks  which  will  continue  to  shake  the  dif- 
'rerent  portions  of  the  wesbero  eoast  for  a  few  years,  are  no* 
of  a  dangcrons  nature.  On  the  contrary,  it  is  absolutely 
necessai-y  that  these  small  shocks  should  occur,  as  fch«  dis- 
turbed Earth's  crust  settles,  by  means  of  these  shocks,  into  the 
ori^ual  condition  of  equilibrium:  and  even  in  the  case  of  a 
future  earthquake,  after  a  number  of  years,  the  intensity  of 
motion  would  not  he  so  violent,  and  it  will  be  an  easy  task 
t>i  make  architochiral  ami  engineering  works  perfectly  earth- 
|nake  proof. 
San  Franci.>ico.  .June  9.  ]<>or>. 


ECLIi'SKS   OF   'I  UK   SATELLITKS   OF   SATURN,   OC- 
CURRING IN  THE  YEAR  19m. 
By  Hermann  Stbuvb. 

The  interesting  observations  of  the  eclipses  of  the  satellites 

wf  Saturn,  beinp  of  the  greatest  value  for  derivinR  the  dia- 

ineterB  of  the  planet«,  for  correcting  the  elements  of  the  orbits 

Bd  for  conclusions  as  to  the  dimensions  of  the  satellites,  and 

me  physical  questions,  it  is  to  be  hoped,  that  the  favorahle 

opportunities  for  obsen'ing  the  eclipses  durinp  the  pi-esent 

'and  next  year  will  not  be  lost.    The  attention  of  a.stronomcrB, 

who  are  in  possession  of  powerfiU  iristnimeuts  is  particularly 

directed  to  tliese  phenomena.    Bui  in  the  cjisp  of  the  brighter 

siit.'llit«a,  Tethys.   Diane.  Rhea  and   Til'iii,     instniments     of 

moderate  size  also  coidd  be  eniployetl  with  success. 

In  the  present  year  the  cycle  of  eclipses  extends  over  all 
interior  satellites  fi-om  Mimas  to  Rhea;  Tilan  and  Hyperion 
rill  be  eclipsi-d  only  during  the  nest  opposition.  To  facilitate 
i  observations,  I  have  calculnted  the  approxima.be  times 
sad  places  of  the  eclipses  for  every  day  from  .June  1st  to  the 
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eud  of  the  yeai\  These  data  might  be  useful,  especially  in 
the  record  of  the  reappearances.  Before  opposition  only  the 
disappearances,  after  the  opposition,  only  the  reappearances 
are  visible  from  the  Earth.  The  Greenwich  mean  times  are 
given  to  a  minute  and  cannot  deviate  much  from  the  truth. 
The  columns  headed  s  and  p,  give  the  geocentric  place  of  the 
satellite  at  the  time  of  the  eclipse,  i.e.,  the  distance  of  the 
satellite  from  the  limb  of  the  planet  and  the  position  angle, 
counted  from  the  north  point  of  the  minor  axis  of  the  disc. 
As  may  be  seen,  the  reappearances  happen  in  the  present 
year  in  general  at  greater  distances  from  the  limb,  than  the 
disappearances,  and  are  therefore  easier  to  observe.  But  it 
would  be  of  special  interest  to  have  the  observations  dis- 
tributed on  both  sides  of  the  planet.  The  duration  of  the  ap- 
pearances may  be  in  central  eclipses  in  the  case  of  Rhea,  sev- 
eral minutes,  in  the  Ciise  of  Tethys  and  Diofie,  about  one 
minute,  in  the  Ciise  of  Mivws  and  Enceladm  only  a  few  sec- 
onds. Of  eoui'se  the  beginning  and  ending  of  the  appearance, 
the  seeing  and  other  particulars  must  be  noted  by  the  ol)- 
ser  vol's. 

At  the  end  of  the  following  tables  are  given  the  approxi- 
mate Greenwich  times,  when  the  shadows  of  the  satellites 
Tethys,  Diane,  Rhea  cross  the  minor  axis  of  the  disc,  and  also 
their  distance  from  the  center  of  the  disc  at  the  time  of  con- 
junction. It  seeuLS  to  me  doubtful,  whether  the  shadows  of 
Satum^s  siitellites,  excepting  the  shadow  of  Titan^  can  be 
seen  on  the  disc,  my  own  search  for  them  with  the  thirty-inch 
Pulwoka  lefractor  in  the  yeai*s  1891-92,  having  been  without 
success.  By  other  observe i"s  tlie  shadows  were  reporteil  to  be 
discernible  and  it  would  be  of  interest  to  decide  the  question 
at  this  time. 

Similar  tables  were  inserted  by  me  in  the  Monthly  Notices, 
Vol.  LXIV,  for  the  eclipses  of  the  three  innermost  satellites 
in  the  two  forcjroing  yeai*s.  Only  a  few  observations  have 
come,  hitherto,  to  my  knowledge.  But  it  is  to  be  expected, 
that  the  more  favorable  conditions  in  the  present  year,  and 
next  year,  will  pi'ocuro  more  numerous  observations,  and  I 
l)Ofr  the  observers  to  send  thcni  to  the  Konigliehe  Stemwarte, 
Hci'lin,  whore  they  will  be  duly  collected  and  discussed,  and 
will  also  serve  in  the  preparation  of  the  tables  for  next  year. 

Royal  0])s<M'vatory,  Berlin.  ^Mareh,  1906. 
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s.  p.  denote  the  geocentric  place  of  the  satellite  at  the  time  of  its  reappearance. 
i.  e..  the  distance  from  the  limb  of  the  planet  and  the  position  angle,  counted  from 
the  north  point  of  the  minor  axis  to  the  East. 


Gr. 

M.T. 

s 

•p.      I 

Gr.M.T. 

s 

.  P.      1 

Gr.M.T. 

1      s.  p. 

1906 

(East)    1 

1906 

(East)    1 

1906 

(East' 

Sept.   4 

Rh 

Ih37m 

0.1" 

37** 

Sept  18  En 

Oh  22m 

0.9" 

7V 

Oct.     2   Mi 

Ih33m!l.r  71' 

En 

28 

0.0 

71 

Te 

7 

14 

1.3 

61 

3 

Mi 

0 

11 

1.3    71 

Mi 

17 

;n 

0.0 

72 

1  Mi 

20 

50 

0.6 

71 

En 

2 

11 

1.8    71 

5 

Te      2 

1 

0.0 

59 

191  Kn 

9 

16 

1.0 

71 

Di  '   5 

31 

3.1    61 

Mi    ifi 

s 

0.0 

72 

Di 

12 

57 

1.8 

59 

Te  •    9 

46 

2.4    62 

i:n   16 

21 

0.1 

71 

Mi 

19 

28 

0.7 

71 

Mi  i22 

48 

1.3    71 

Di    20 

27 

o.l 

57 

20 

Te 

7 

33 

1.4 

61 

4:  En 

11 

4 

1.9    71 

6 

Mi 

14 

45 

0.0 

72 

Mi 

18 

5 

0.7 

71 

.  Mi 

21 

25 

1.4    71 

Te 

23 

20 

0.2 

59 

En 

18 

10 

1.1 

71 

5   Te 

7 

6 

2.5    62 

7 

Kii 

I 

15 

0.2 

71 

21 

Mi 

16 

42 

0.7 

71 

Rh 

17 

2 

4.4    50 

Mi    13 

23 

O.l 

72 

221  Te 

1 

52 

1.6 

61 

En 

19 

57 

1.9    71 

8 

En    10 

8 

0.2 

71 

Kn 

3 

3 

1.1 

71 

Mi 

20 

3 

1.4    71 

Mi    12 

0 

0.1 

72 

Rh 

3 

34 

2.6 

46 

Di 

23 

14 

3.3    62 

Di    14 

5 

0.5 

57 

Di 

6 

41 

2.1 

60 

6 

Mi 

18 

40 

1.4    71 

Rh 

14 

6 

0.7 

40 

Mi 

15 

20 

0.8 

71 

7 

Te 

4 

25 

2.6    62 

Te    20 

39 

0.4 

59 

23 

En 

11 

57 

1.2 

71 

En 

4 

52 

2.0    71 

9 

Mi    10 

37 

0.2 

72 

Mi 

13 

57 

0.8 

71 

Mi 

17 

17 

1.4    71 

i:n 

19 

2 

0.3 

71 

Te    23 

11 

1.7 

61 

8 

En 

13 

46 

2.0    71 

10 

Mi 

9 

1.5 

0.2 

72 

24 

Mi    12 

34 

0.9 

71 

Mi 

15 

55 

1.5    71 

Te 

17 

58 

0.5 

00 

En    20 

51 

1.2 

71 

Di 

16 

56 

3.5    62 

11 

Kn 

A 

55 

0.4 

71 

25    Di  1   0 

24 

2.4 

60 

9 

Te 

1 

44 

2.7    62 

Di 

7 

48 

0.8 

58 

1  Mi    11 

12 

0.9 

71 

Mi 

14 

32 

1.5    71 

Mi 

7 

52 

0.3 

72 

Te    20 

30 

1.9 

61 

En 

22 

39 

2.1    71 

12 

Mi 

6 

29 

0.3 

72 

26 

En 

5 

44 

1.3 

71 

10 

Rh 

5 

32 

4.9    51 

Kn    12 

49 

0.5 

71 

Mi 

9 

49 

1.0 

71 

Mi 

13 

9 

1.6    71 

Te 

15 

17 

0.7 

60 

Rh 

16 

3 

3.2 

48 

Te 

23 

3 

2.9    62 

13 

Rh 

2 

35 

1.3 

42 

27^  Mi 

8 

26 

1.0 

71 

11 

En 

7 

33 

2.2    71 

Mi 

5 

7 

0.4 

72 

lOn 

14 

38 

1.4 

71 

Di 

10 

39 

3.7    62 

Kn 

21 

43 

0.0 

71 

Te 

17 

49 

2.0 

61 

Mi 

11 

46 

1.6    71 

14 

Di 

1 

31 

1.2 

58 

Di 

18 

6 

2.6 

61 

12 

Mi 

10 

24 

1.6    71 

Mi 

3 

44 

0.4 

72 

28    Mi 

7 

4 

1.1 

71 

En 

16 

26 

2.2    71 

Te 

12 

36 

0.9 

60      . 

29    Mi 

5 

41 

1.1 

71 

Te 

20 

22 

3.0    62 

15 

Mi      2 

21 

0.4 

72 

To 

15 

8 

2.1 

61 

13 

Mi 

9 

1 

1.7    71 

Kn     G 

36 

0.7 

71 

1'-" 

23 

31 

1.5 

71 

14 

En 

I 

19 

2.3    71 

16 

Mi      0 

50 

0.5 

72 

30    Mi 

4 

18 

1.2 

71 

Di 

4 

21 

3.9    62 

Tc      9 

55 

1.1 

60 

Kn 

8 

25 

1.6 

71 

Mi 

7 

38 

1.7    71 

En    1.5 

29 

0.8 

71 

Di     11 

48 

2.9 

61 

Te 

17 

41 

3.1    62 

Di    10 

14 

1.5 

59 

Oct.     1    Mi  ;    2 

56 

1.2 

71 

Rh 

18 

1 

5.4    52 

Mi    23 

30 

0.5 

72 

Rh!    4 

32 

3.8 

49 

15 

Mi 

6 

16 

1.7    71 

17 

Rh    l.*) 

4 

2.0 

44 

Te 

12 

27 

2.3 

62 

En    10 

12 

2.4    71 

Mi  . 

22 

13 

0.6 

71 

Kn 

17 

18    ' 

1.7 

71 

16 

Mi 

4 

53 

,1.8    71 

r 

" 

Axtroiiovticiil   Soci 

■ 

of  the 

PflCl/iC.                      207                  1 

■ 

|o. 

KJF. 

lEut} 

<m 

Or 

m!t! 

i%£x< 

l»Ot 

Gr.M.T. 

K 

^^V'Tb  |lsh 

3.2"  (12° 

Mot. 11 

Hi 

14 

A'lr 

Dee,     T 

Di 

22h  34m 

5,3"  66° 

~'S!S 

I 

2.4      1 
4.1       2 

,. 

"1 

29 

Mi 

7I4    50 

IT    Mi  ,  3 

1,8      1 

m 

12 

li    58 

.1    88 

18    Mi  i   2 

A    73 

Mi 

22    23 

,4    73 

S9 

En 

Te     12 

3^3      2 

Ml 

11 

34 

Ui 

20    59 

:*  73 

IB    Mi  ,  0 

4S 

1.9      1 

Te 

22 

Te 

9     18 

-0    66 

tlh   fl 

1.8   ns 

Hi 

A      3 

to 

^D     12 

En 

'3    66 

Di     15 

4fi 

lia    2 

IS 

Hi 

48 

19    37 

.4    73 

Mi    2a 

23 

1.9      1 

Kb 

Hi 

.4    74 

T«     g 

Te 

.2    74 

Ed   31 

43 

'.I      3 

Te 

.0    66 

Mi    22 

18 

0 

S3 

Rh 

12    21 

.3    60 

21 

Mi    JO 

l:9      1 

7 

Mi 

23    En      fl 

En 

Til  !  It 

.'>B 

sis    63 

Un 

36 

'.I 

Di 

B    S9 

.3    66 

Di  1  e 

28 

4,4    63 

Te 

17 

20 

M> 

15    29 

-4    74 

Mi     !8 

Hi 

Ed    is 

En 

M^ 

14       6 

A    74 

Hi     17 

sa 

aio     1 

Di 

.is 

'.h 

Kn 

17    28 

.1    74 

Rb    IB 

),a  M 

19 

Hi 

3 

Hi 

T.  j  4 

Te 

Tr 

Mi  lis 

29 

56 

:» 

Kn 

2    22 

'.\    7* 

as 

g 

20 

»:s  TO 

30 

m" 

} 

5S 

Si 

.1    66 

Mi 

33 

17 

Rh 

26 

38 

Iff 

?: 

12 

•I 

«4 

Hi 

En 

9    SS 

:3  74 

Di 

13 

Te 

Is    66 

Ml    12 

Mi 

Hi 

8    36 

.3    74 

Ed    is 

13 

218    T 

23 

Kn 

19 

.0    7* 

m    20 

S3 

4.7    63 

Hi 

21 

Di 

Te  !22 

3.7    e 

23 

To 

0 

2A 

Mi 

7    13 

Rbl  7 

8.8    S 

Hi 

25 

To 

19    54 

is    66 

Mi    in 

3.1    7 

24 

En 

Kn 

En     a 

>:   65 

Ml 

Mi     g 

3fl  , 

2^2    7 

Kh 

7.      R8 

Hi 

4    2 

:      74 

T.    20 

3.8    63 

Hi 

19 

2 

Ui    8 

En    13 

3!b   T 

En 

15 

67 

Di  ll4 

36 

4.8    63 

Mi 

39 

6 

Ui  ,  0 

3.3    7 

20 

Mi 

2. 

Ed 

En'ao 

53 

2:9    7 

33 

5! 

Hi 

:      7 

Mi  ;  5 

3.2    7 

37 

4 

Te 

.    a 

e.g  fis 

2: 

Hi 

2 

5 

3.2  7 

28 

^ 

En 

47 

3.(1    7 

13 

31 

Di 

is    87 

L 

a.o  64 

Rb 

22 

7.      68 

Hi 

2.      75 

H 

R.g    64 

39 

Te 

2S 

Te 

11    52 

3.      S7 

■^ 

3 

3 

a.3  7 

Mi 

g 

16    3 

2J1    74 

K-. 

En 

14 

3.0  7 

E>. 

3. 

3.      75 

E* 

ffi 

0 
3 

2.3  7 

3.9    84 

30 

SI 

10 

36 

46 

S.      6A 

26 

S! 

20    1 

a£    62 
3.      75 

Ed 

23 

3.0    7 

Te 

22 

Ed 

i£  74 

"■ 

2J    7 

Dm.     1 

Eo 

s:   7 

4.      67 

s 

S.l    84 

Ui 

2,   7 

TV 

8.      67 

23 

as 

2.3    7 

3 

Ui 

8 

^0 

Hi 

a.     75 

6 

En 

tl 

3.0    7 

En 

3:   7 

En 

3.      75 

Hh 

28 

fi.       86 

Hi    17    27 

a.    7s 

^ 

T. 

8 

32 

3:9    84 

Te 

1 

39 

Te 

«    30 

3.      67 

Mi 

21 

13 

3.3    7 

3 

Hi 

M 

2I      7 

Hi 

3.      76 

Go 

7.      .'> 

H^ 

Di 

48 

sla  84 

En 

Di 

20    16 

4!      8B 

Mi 

19 

SO 

2.3  7 

Mi 

5 

2!      7 

30 

Hh 

14     IB 

8.      83 

T« 

a 

4,0    6 

Te 

4.      6. 

Hi 

iS)    76 

Mi 

3.3    7 

K 

3.4    68 

n 

3 

3.0    7 

53 

2.      7 

e£ 

4     11 

17 

3.4    7 

Di 

5.       66 

Hi 

13    19 

4.0    84 

Mi 

Jan.     1 

r^ 

3.1    7 

En 

Di 

13 

28 

5.3    84 

Te 

14 

39 

*\      68 

2 

Te 

1      9 

3^    88 

ni 

IS 

42 

2.4    7 
7.3    5 

7 

Hi 

En 

7 

3.4    7 
3,3    7 

4 

Rh 

"" 

^B. 

Pi^lications  of  the 


SHADOWS  OF  THE  SATELLITES  TETHYS,  DIONE,  RHEA. 

CrosslOK  tbe  minor  ails  of  tbe  diu  at  the  dlsUnce  s  Irom  tbe  center. 


Gr-M.T. 

at-  M-T. 

Qr.M.T 

SonCbl 

ISM 

(Soulb) 

1M« 

ISoutb] 

Jun«2S 

K 

6.3" 

Au|.  K 

Te 

12.  Oh 

4.7" 

Oet.  30 

Rb 

2,lh 

er 

23: 

Rh 

''.2 

2a 

Te 

6, 

2S 

*.7 

31 

d" 

1 

9 

.3 

Di 

23.  B 

6,3 

Di 

22: 

5.1 

Not.    1 

Te 

To 

4,6 

T« 

T. 

4.7 

3U 

Sept.    1 

6,0 

Di 

I 

Rh 

ii!» 

Hh 

18: 

7,0 

Rh 

C 

5:7 

17.6 

8,3 

Te 

Te 

9 

4.1 

July]  1 

21. 

Te 

4:6 

« 

Di 

B 

4.S 

3 

Di 

sis 

Di 

6,0 

1 

Te 

e 

4.1 

Te 

Te 

23: 

4,6 

5.6 

5 

Rb 

{ 

Di 

i 

4,1 

Te 

4:e 

T, 

.0 

Di 

s: 

5,3 

T^ 

20: 

4,6 

Te 

4,0 

T« 

13. 

T? 

Di 

20 

4,1 

Di 

12 

T« 

22 

4,0 

Te 

4:6 

Rh 

o:b 

13  Rh 

6.S 

Te 

s:4 

4,8 

14  [  Di 

3.9 

11 

Te 

4^6 

Di 

5.3 

Te 

K 

,0 

Di 

5.3 

IJ 

Te 

4:6 

U 

Te 

17 

■ 

,S 

Te 

5' 

4,6 

Rh 

6,7 

,B 

Di 

4.9 

Rh 

,4 

Di 

Te 

If 

Te 

14 

:  ,9 

IS   Te 

2. 

4,6 

T. 

4;e 

,8 

Di 

2; 

4.9 

.9 

'i  ut 

19 

Te 

t.e 

22 

2 

4 

,2 

18  Uh 

7.6 

Rh 

6.7 

3 

!   Tp 

21: 

2^ 

Di 

20: 

4.8 

M 

:s 

IS    Di 

T. 

4.6 

» 

Te 

e 

6 

,8 

20  Te 

is; 

2! 

4.5 

22 

15.2 

IK 

14: 

4.8 

2e 

T« 

9 

:8 

8. 

6.6 

Hh 

14 

9 

2; 

1th 

2:' 

7:5 

38 

13, 

26 

Di 

4:8 

Di 

6 

■.'.1 

ni 

Te 

29 

T« 

2S 

,7 

26 

27 

Te 

14 

28 

Rh 

209 

6:5 

Dee.  1 

Rh 

\ 

28 

29 

4.8 

Te 

1(1 

9 

.1 

30 

3:  Te 

:,« 

a 

''(t 

^■ 

0«t,     1 

i 

'98 

4:7 

.^l 

14 

1 

:  ,6 
.6 

Au,.    1 

ft 

1: 

*- 

^ 

Te 

?-! 

44 

iHh 

li 

P 

i 

I»i 

12.9 

4:7 

7i  To 

,6 

T? 

0    Di 

5 

,S 

Te 

7 

6:5 

Te 

fi 

5 

Di 

Rh 

21.S 

6,3 

Te 

Te 

5 

!i 

6    Te 

i. 

4:4 

Di 

23 

n! 

Te 

'.i 

V ' 

Te 

20,3 

4:4 

10  Ith 

T.! 

Rh 

Di 

'a 

■T^ 

lii:! 

4,7 

Te 

1 

,5 

Te 

4.4 

Te 

12:  Te 

Di 

4.S 

17    Di 

Te 

18   Te 

IS 

8 

:,4 

14   Te 

Rh 

22' 7 

6;i 

19  Rb 

3 

;,S 

1th 

7.2 

Tf 

20    Di 

Ifi^Te 

4,7 

ITe 

Te 

22    Te 

14 

4 

3,3 

I>i 

23:1 

4,6 

1  Q' 

3.2 

18   Di 

h.\ 

4,3 

|Rh 

4S 

7.2 

Hh 

24;  t5 

3:3 

3.fi 

T» 

36'  DI 

3,2 

21'  l»i 

26    Te 

;Te 

4:7 

2 

23'  llh 

7:3 

Ith 

^   Te 

6 

3 

3:2 

Di 

in:  6 

Di 

24    dI 

sii     , 

T* 

30   Te 

25i  Te 

is:s 

28 

Tf. 

20:2 

31    Di 

3 

3,1 

5J      . 

29 

Di 

4,2 

4.3 

AstroMmical  Hodcly  of  the   Facific  2 

PLANETARY  PHENOMENA  FOR  JULY  AND 
AUGUST,   1906. 

Bv  Malcolm  McNf.ill. 

PHASES  OP  THE  MOON,  PACIFIC  TIME. 


linlOiiBrwr       .Julj-iS.  imMai.a.m.    I    Fl»l  guartec  .  AuKuatM.  Ih  43m.  p.  m. 

Tlie  KartJi  pasios  the  apheliun  poiiit  and  itaches  its  far- 
4hest  distance  from  the  Sun  on  tJie  nijfht  of  July  23rd,  about 
midnight,  Pacific  time. 

i  will  be     three  eclipses     during  July     and  August. 
Ab  is  always  the  case  when  three  eclipses  occur  in  so  briet 
time,  the  first  and  third  will  be  eclipses  of  the  Sun.  and 
le  second  an  eclipse  of  the  Moon. 

The  first,  a  partial  eclipse  of  the  Hun,  will  oeeur  in  the 
rly  morning  of  July  2iiA.  Pacific  time,  and  will  be  visible 
in  fiir  southern  latitudes  only. 

The  second  is  a  total  eclips*.-  of  the  Moon,  on  August  4th, 
tie  boginniug  wilt  be  visible  in  the  central  and  western  por- 
ous of  Nortli  America,  and  the  eastern  portions  of  Asia,  and 
.utiti-alia,  and  the  ending  will  be  visible  in  Alaska  and 
;hrough  ati'ia  aud  Australia.  The  middle  of  totality  nill  come 
it  oh.  Im.  a.m.  Paaifie  time,  and  the  beginning  and  end  'of 
atality  not  quite  an  hour  before  and  aiter  that  time.  For  the 
reatcrn  part  of  the  United  States  the  Moon  will  set  and  the 
Inn  will  rise  during  totality. 

The  third  is  a  partial  eclipse  of  the  Sun,  on  the  afternoon  of 
August  19.  Pjicific  time.  The  eclipse  will  be  visible  mainlj- 
n  the  north  polar  regions,  but  it  may  be  seen  as  a  very  small 
partial  eclipse  late  in  tlie  aftemoou  in  that  part  of  the  United 
States  west  of  the  Missouri  and  north  of  iO'  latitude.  'Hie 
niasiinum  obscuration  is  about  one-thinl  of  the  Sun's  dia- 
meter and  in  regions  far  north  of  tlie  United  States^  Aa 
Been  from  any  part  of  the  United  States,  the  maximum  obscur- 
ation  will  be  muoh  less. 

At  tJie  beginning  of  July,  Mercury  is  an  evening  star,  set- 
ting an  hour  and  one-half  after  sunset,  and  the  interval  is 
raore  than  an  hour  until  well  after  the  middle  of  the  montJi, 
So  the  first  half  of  July  affords  the  best  opportunity  nf  the 
'ear  for  seeing  the  planet  as  an  evening  star.  The  greatest 
elongation.  26'  39'  is  reached  on  July  15th,  and  is  much 
ive  the  average  as  the  planet  i-eachea  ita  apWWon  «g\^  «. 
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few  days  later  The  soiitlK-rly  molion  »£  the  planet  al 
greatest  elougatkm  and  tJie  fact  that  it  is  in  the  portion 
the  orbit  simth  of  the  ediptie  eaiiw  a  rapid  diniiniitloD 
the  interval  between  Uie  setting  of  the  Snn  and  of  the  plani 
and  it  can  be  seen  only  a  few  dnya  after  the  middk-  of  J 
It  passes  inferior  eonjune.tion  with  the  Bun  and  becomes 
uioniing  star  on  August  12th,  It  then  moves  rapidly  towari 
greatest  west  elongation  (18'  12')  and  reaches  tliis  point  on 
August  29th.  It  then  rises  an  hour  and  one-half  before  sun- 
rise, and  it  will  be  an  easy  objeet  to  see  in  the  morning  twi- 
light for  a  week  or.  eo  before  and  after  the  end  of  August. 

Venus  is  an  evening  star    setting  n  little  more  than  ti 
hours  after  sunset  on  July  1st,  and,  less  than  an  hoiir 
three-fourths  after  on  August  31st..     It  is  still  increasing 
apparent  distance  from  the  Hun  and  will  continue  to  do 
until  September  'IQXh,  but  its  motion  among  the  stars  is  ali 
a  line  farther  and  farther  to  the  south  of  the  Sun's  position 
and  this  caust^  a  hastening  of  the  time  of  setting,  which  more 
than  oountiTba lances  the  retardation  due  to  increase  of  ap- 
parent distance  from  the  Sun, 

Mars  is  still  an  evening  star  on  July  lat.  but  is  too  near 
Sun  to  be  seen.     It  passes  eoujunetion  with  tJie  Sun  and 
comes  a  morning  star  on  July  15th,  but  does  not  move  far 
enough  away  to  be  seen  in  the  morning  sky  until  nearly  thi 
end  of  August,    It  does  not  reach  its  maximum  distanoe  from 
the  Eailh  until  a  fortnight  after  conjunction,  since  it  is  still, 
receding  fmni  the  Sun  and  will  not  reach  its  aphelion  nnl 
the  middle  of  October. 

Jupiter  is  a  morning  star  rising  about  on  hour  before  si 
rise  on  July  Ist,  and  shortly  after  midnight  on  August  3' 
It  moves  about  13'  eastward  among  the  stats  from  the  ea,st) 
part  of  Taurvs  into  Gemini,  and  at  the  end  of  August 
and  west  of  Ctmtor  and  Poltiij,  the  brightest  stars  of  the  ll 
ter  constellation. 

Saiiini  is  getting  around  into  fair  position  for  evening 
servation.  It  rises  at  aliout  11  P.M.  on  Jul.v  1st.  and  shortly' 
before  7  P. Mi  on  August  31st.  It  will  reach  opposition  early 
in  Hepticmber.  Its  motion  during  the  two  mouths'  period  is 
westward  and  southward  about  3'  nearer  the  boundarj'  line 
between  Aqu/trias  and  I'l.itrs.  There  are  no  bright  stars 
it. 

Uratim  rises  shortly  after  7  P.M.  on  July  1st,  having  pas 
opposition     with  the  Sun     on  June  28th.       By  the  end 
August  it  rises  about  three  P.M.     It  is  therefore  well  up  i 
the  southeastern  sky  by  the  tiuio  twilight  has  disappeared,  j 
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is  in  the  constellation  Sagittarius  and  moves  about  2"  west- 
ward during  the  period.  During  August  it  is  about  2**  north 
of  Lambda  Sagittarii,  the  third  magnitude  star  in  the  handle 
of  the  milk  dipper.  It  is  just  within  the  limit  of  naked  eye 
visibility  for  ordinary'  eyes  on  clear  moonless  night. 

Neptune  passes  conjunction  with  the  Sun  on  July  2d,  and 
becon>es  a  nwming  star.    It  is  in  the  western  part  of  Gemini. 
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NOTES  FROM  PACIFIC  COAST  OBSERVATORIES, 

UCK  OBSERVATORY  SEISMOGRAPH  RECORD  OF  APRIL  18,   1906. 

The  intensity  of  the  earthquako  shock  of  April  18th  at 
Mount  HamiltOD  was  lees  than  the  avet-age  intensity  in  the 
surrounding  territorj-;  on  the  unmodified"  Kossi-Forel  sojile, 
it  should  be  rated  as  about  VII.  In  destructive  violence  the 
shock  was  not  as  sevei  u  as  fJie  local  one  of  Augmst  2nd,  1908, 
which  received  only  passing  notice  outside  Santa  Cf 
County.  The  difference  lay  in  tli*  relation  of  displacen 
to  time  of  displacement.  The  amplitude  was  sev 
times  as  giTat  in  the  recent  eartliquake.  but  the  oscillation 
was  much  slower.  Smooth  vibrations  with  double  amplitude 
of  one  or  two  et-ntinieters  (one-half  or  thi-ee-quarters  of  an 
inch.)  pass  unnoticed  by  the  keenest  observer,  if  their  per 
b(  five  seconds  or  more.  Rapid  or  abrupt  motions  of  oi 
tenth  this  amplitude  are  felt  as  sharp  shoftks. 

The  Ewing  tliree-componentf  seismograph  of  the  Lick 
aervfttory  gave  a  very  satisfactory  reoo!"d,  though  the  insi 
ment  was  not  desigTied  for  so  great  displa^-^meot  and  did 
register  all  the  motion.  Professor  Omori  has  pronounced 
record  as  of  great  value. 

The  north-south  record  is  broken  in  two  places;  its  tir 
parts  are  marked  N.S.  or   (N.S.)   on  the  the  accompany 
reproduced  tracing.     The  moat  remarkable  north-south  U 
tures  are  the  long  swings  past  the  center  of  the  plate  an( 
the  indications  of  a  wrench  which  seems  to  Jiave  jai-red 
pendulum  from  its  bearings  for  a  time.     The  vertical  recorcT 
leaves  niuch  to  be  desired-     About  ten  seconds  after  the  be- 
ginning, t-he  fiendulum  was  thrown  from  its  bearines  by  the 
horizontal   force   of  the   hea\->'   shock   that   also   interrupted 
the  north-south  record,  and  was  lodged  against  the  standard. 
First,  however,  it  registered  a  drop  of  nearly  four  centimel 
(one  and  one-half  inches. >     The  east-west  record  is  nea 
complete,  though  the  pen  frequently  passed  beyond  the 

•Nature.  IS.Ut.  KW:  Pobl.  A-  S,  P..  7,  Isa,  IBli,'). 
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eumfereuee  of  the  revolving  plate.  At  the  end  of  three 
minutes  and  forty-uine  seconds,  when  the  plate  stopped,  the 
east-west  pen  eoutluued  to  register  slow  vibrations  of  over 
half  s,  centimeter,  (one-tiimrter  of  an  inch)  double  amplitude. 

The  record  is  complicated  by  the  natural  swing  of  the 
pendulums,  and  friction.  To  interpret  the  eui-ves  coirectly, 
tliese  must  be  taken  into  account.  The  horizontal  pendulums 
swing  with  a  free  period  of  about  seven  seconds  and  come  to 
rest  from  a  maximum  swing  in  a  little  over  oue  complete 
vibration,  if  undisturbed.  The  vertical  pendulum  has  a  pe- 
riod of  about  four  seconds,  and  will  niaJte  about  four  com- 
plete swings.  Small  vibrations  of  the  "earth  particle," 
synchronous  with  the  natural  period  of  a  pendulum,  if  con- 
tinued, will  soon  act  it  swinging  with  large  amplitude.  In  a 
less  degree,  oscillations  of  a  different  period  will  excite  forced 
vibrations,  with  the  resultant  sort  of  compounding  well  il- 
lustrated by  the  last  minute  of  the  east -west  record. 

North,  west  and  upward  displacements  are  indicated  by  in- 
ward motion  of  the  respective  pens.  To  determine  the  real 
displacement  in  either  component,  the  displacement  shown  in 
the  cut.  measured  in  the  direction  of  a  radius  of  the  plate, 
after  eliminating  the  instniniental  effect,  must  be  multiplied 
by  the  proper  factor,  following:  N.S.  1.32,  E.W.  1.44,  Vert. 
3.04.  The  actual  direction  and  magnitude  of  the  displaee- 
ment  at  any  moment,  is  obtained  from  the  reduced  component 
,  displacements,  by  simple  compoimding  by  parallelogram  con- 
James  D,  Maddrill. 
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ON  TItE   EARTHQUAKE   OF    APEIL    18,    1906. 

It  is  not  necessary  to  say  that  the  earthquake  of  April  18th 
was  very  severe  on  Mount  Hamilton,  but  it  is  a  matter  for 
ccngratiUation  that  the  observatory  suffered  no  serious  in- 
jury. Director  Campbeli,  was  in  Washington,  D,  C,  at  the 
time,  and  Astronomer  Tuckkh  was  in  charge.  It  was  found 
that  the  telephone  connection  with  Han  .lose  was  destroyed, 
and,  as  fires  were  obaen'ed  to  break  out  at  once  in  San  Jose 
and  San  Francisco,  the  seriousness  of  the  situation  was  soon 
realized.  Professor  Tt.'CKEB  dispatched  a  bicycle  messenger 
to  San  Jose,  bearing  the  message  that  "The  buildings  and 
instruments  of  the  Lick  Observatorj'  were  not  injured  by  the 
earthquake."  All  was  confusion  in  San  Jose  and  there  was 
no  telegraph  or  telephone  communication  with  the  outside 
world.    The  messenger  tJierefore  rode  on  to  Ber\ie\fey ,  1^  mWea 
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from  JIuunt  Hamilton,  iind  delivered  a  copy  of  the  message 
to  President  Wheei.er  of  the  University,  late  in  the  afternoon 
of  the  ISIh.    As  it  was  rmt  possible  to  send  private  dispalehe^ 
the  nw^ssage  was  delivered  to  the  Associated  Press,  with 
request  that  it  be  sent  over  the  wires  as  soon  as  pos^bl 
This  waa  done  on  the  19th,  and  the  message  was  correctly 
publislied  in  many  eastern  papers  of  the  20th.     A  Chiea^ 
paper  containing  it  ttvertook  me  in  Iowa  on  the  forenmm  of 
the  20th,  as  I  was  speeding  westward,  and  the  relief  afforded 
will  not  suon  bt-  forfrotten.     It  was  hoped  that  this  infortnft-   ■ 
tion  would  reach  all  inquiring  friends  of  the  observatot^fl 
both  in  this  country  and  abroad,  but  there  soon  appeared  l^a 
be  considerable  doubt  of  this.    On  this  account  the  message  ' 
was  at  our  request  repeated  a  week  later  by  Ihe  Associated 
Press. 

The  details  of  the  earthquake  are  given  for  Mount  Hamil- 
ton in  Mr.  Maddrill's  note.  The  maxinmm  double  amplitudes 
of  tlie  motion  here  could  scarcely  be  less  than,  and  perhaps  ex- 
ceeded three  inches.  Fortunately,  the  period  of  vibration 
was  long,  and  the  buildings  and  instruments  apparently  had 
time  to  follow  the  earth  motions.  The  tops  of  three  lai-ge  anJ 
one  small  brick  chimneys  were  cracked,  but  not  brokeu  off. 
A  gi-eat  many  old  cracks  in  plastering  were  reopened,  and 
many  new  cracks  were  formed.  These  apparently  eompriai! 
the  damage  on  the  mountain.  The  brick  and  cement  reser- 
voirs and  the  water  systems  were  not  affected.  Professor 
Tucker's  observations  with  the  meridian  circle  established 
that  the  instrument's  position  had  not  shafted  appreciably. 
At  my  request.  Dr.  Aitken  and  Dr.  IVIoohb  determined  the 
position  of  the  polar  axis  of  the  36-inch  refractor.  They 
found  no  significant  change. 

This  immunity,  so  to  speak,  is  somewhat  surprising,  in 
view  of  the  fact  tliat  the  damage  in  San  Jose,  only  thirteen 
miles  directly  west  of  us,  was  severe,  and  that  in  regions 
thirty  to  fifty  miles  east  of  us  a  large  prnportion  of  elum- 
ney  tops  were  thrown  down.  Altitude  alone  can  scarcely  be 
a  protective  factor.  The  breaks  in  the  rock  strata  betw*e>'D 
this  obser^'atory  and  the  origin  of  disturbance— there  are 
two  narrow  valleys  between  us  and  San  Jnse— are  ptohHbly 
potent  factors  in  retiucing  intensities.  It  is  a  familiar  fact 
that  earth  waves  of  great  destructiveness  on  one  side  of  a 
mountain  range  often  reappear  destructively  on  the  other 
side,  as  in  the  present  case,  with  only  minor  destruction  in 
the  mountains  themselves;  but  the  explanation  of  these 
pheaomena  is  usiiaWy  not  a^V*'^'"'^-    ''I't^*^*  '^^''^  ^  «*»  doubt, 
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however,  that  the  rigid  rock  foil  ml  at  ion  a  ut'  our  buildings  auci 
instruments  were  exceedingly  importnnt  elements  in  their 
atability,  under  the  severe  strains  suddenly  thrown  upon 
them. 

'ITie  indirect  effects  of  the  catastrophe  upon  the  finances 
ut'  the  Liek  Observatoiy  and  other  State  iustitutioiw  uHunnt 
now  be  deteruiiiied.  Even  though  a  way  be  found  to  main- 
tain present  iueomes,  there  can  be  no  doubt  that  further  de- 
velopment, from  State  funds,  will  be  seriously  limited  for 
many  yejirs  to  eome.  This  is  in  no  sense  a  statement  of  dis- 
couragement, as  it  is  hoped  that,  as  in  the  past,  other  sources 
of  income  may  present  themselves  as  needs  arise. 

The  earthquake  was  destructive  on  a  narrow  belt  extend- 
ing along  the  coast  from  near  Eureka  in  the  north  to  Saiioas 
in  the  south,  a  distance  of  about  3tW  miles.  More  than  half 
the  people  of  the  State,  and  more  than  half  the  property  iuv 
located  in  the  affected  district.  The  direct  carthijiiake 
destruction  whs  a  minor  matter,  perhaps  not  exceeding  $35.- 
000,000,  but  the  fire  in  San  Francisco  destroyed  property 
valued  at  between  $500,000,000  and  $800,01)0,000,  or  roughly, 
one-fourth  or  one-fifth  the  assessable  pi-operty  of  tlie  State. 
Une-thii-d  to  one-fourth  of  this  leas  will  probably  be  borne 
by  insurance  companies  in  other  states  and  eouutries.  Those 
State  institutions  which  depend  upon  pro  rata  taxation  for 
tlieir  support  have  lost  a  corresponding  propottion  of  their 
income.  The  University  of  California  loses  $50,000  or  $60,000 
in  this  manner.  It  lost,  besides,  uninsured  business  property 
in  San  Francisco,  whose  annual  rental  was  $60,000.  The 
State  of  California  will,  no  doubt,  repair  these  losses,  as 
far  as  it  is  financially  able;  and  there  are  no  people  in  tlie 
world  more  ready  to  support  higher  education  in  all  its 
turmB  and  phases,  to  the  extent  of  their  ability,  than  aj*e  the 
people  who  compose  the  commonwealth  of  California.  The.y 
are  both  unusually  practical  and  lunisnally  interested  in 
the  ideal. 

Four-fifths  of  the  normal  income  of  the  Lick  Oliservatory 
consist  of  State  funds,  assigned  to  it  by  the  Regents  of  the 
University.  These  financial  statements  are  made  in  deference 
to  many  inquiries  from  distant  friends. 

On  the  day  following  the  earthquake,     His     Excellency. 
vemor  Geo.  C.  Pardee,  appointed  a  State  CoramiBsion  to 

ivestigate  the  scientific  aspects  of  the  phenomenon.  The 
"Commission  consists  of  Professor  A.  C.  TjAwson,  llriiversity 
of  California,  chaiminn ;  Professor  J.  C.  Bbanner,  Stanford 
University;  Professor  OEnnoE  I>avidson,  Umvemlv  ol  Cs\- 
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iforiiia;  Professor  Harry  FiicutiNO  Reid,  Johns  Hopkins 
University;  Dr.  C.  K.  GiujutT,  U.  S,  Ueologicftl  Survey, 
Washington;  Professor  A.  0,  Leuscunub,  Uiiivei-sity  of  Cal- 
ifornia, Secretary;  and  Director  W.  W,  Campbell.,  Lick  Ob- 
Bervatory,  University  of  California, 

The  Carnegie  Institution  of  Washington  has  generously 
undertaken  to  defray  the  expenses  of  the  investigation. 

The  work  of  the  Commission  is  well  organized  and  many 
fuctB  of  extreme  interest  have  been  established.  The  prin- 
cipal fact  is  tliat  Uie  earthquake  was  due  to  verj'  esleusive 
motion  of  the  strata  along  a  well-known  geological  fault  tliat 
runs  near  the  coast  line.  The  motion  wjis  principally  of  the 
horizontal-shearing  type,  with  few  apparent  e-vidences  of  any 
vertical  component.  The  geological  members  of  the  commis- 
sion have  trai-ed  the  surface  fissure  along  the  fault  line  prac- 
tically continuously  from  tlie  mouth  of  Alder  Creek,  just 
nort.h  of  Point  Arena,  south  to  Fort  Roai,  where  the  fissure 
enters  the  ocean;  thence  from  it«  reappearance  in  Tomales 
Bay,  south  to  Bolinas  Bay,  where  it  again  eaters  the  wean. 
It  undoubtedly  passes  under  the  ocean  about  two  miles  out 
from  the  Golden  Gate,  as  it  re-enters  the  land  some  sax  or 
eight  miles  south  of  the  Golden  Gale  and  follows  the  old 
fault  line  continuously  south -south -east  to  a  point  a  short  dis- 
tance southeast  of  Salinas,  On  the  east  side  of  the  fissure 
the  strata  have  moved  south,  and  on  the  west  side  they  have 
moved  north,  relatively.  The  relative  motion  appears  to  be 
a  maximum  in  the  Tomales-BolinaR  region,  about  20-25  miles 
northwest  of  San  Francisco.  A  pnblie  rofld  crossing  the 
fault  line  at  right  angles  has  now  an  ottsot  of  seventeen  feet 
b\  the  fault  line.  A  large  tree  standing  exactly  on  the  e-ast 
edge  of  the  fissure  is  now  twenty-four  feet  south  from  the 
small  roots  which  it  left  in  the  west  bank  of  the  fissure.  A 
path  crossing  the  fissure  is  offset  eighteen  feet;  three  trees 
formerly  stnod  in  a  row  about  seven  feet  east  of  a  small 
house.  The  fissure  passea  lietween  them  and  the  house  and  they 
are  now  eighteen  feet  southerly  from  the  house.  A  bam  is  sit- 
uated exactly  over  the  fissui-e,  some  four-fifths  of  it  beins; 
on  the  west  side.  Although  badly  wrecked,  the  snpei-struc- 
ture  lemains  with  its  foundation  west  of  the  fissure,  but  that 
part  of  the  foundation  lying  east  of  the  fissure  haR  moved 
soutbwai-d  under  the  barn,  through  eighteen  feet.  A  fence 
crossing  tlie  fault  line  is  offset  eighteen  feet  at  the  fisiure. 
Ahout  twenty  miles  westward  from  Mount  Hnmilton,  on  the 
fault  line,  the  otTsets  are  about  eight  and  one-half  feet,  as  a 
maximum.    All  the  offsets  referred  to  are  in  the  thick  loamy 
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J  and  it  is  iHissible  that,  on  account  of  leg  in  the  soft 
',  the  shear  in  the  underlyiog  roek  »tratiim  is  larger. 
iiaay  interesting  questions  are  raised  as  to  disturbancea 
I  bonndnry  linea  between  farms,  in  latitudes,  azimuths,  ete. 
The  satue  geological  fault  extends  southeasterly  through- 
iOt  the  State  to  the  vicinity  of  the  Colorado  River,  and  per- 
;  further. 

W.  W.  Campbell. 


TUB    C.Vm'ORNU    KAKTUQUAKK   AT    LIKJAIE. 

The  great  earthquake  of  April  I61I1  »us  very  severe  at 
Ukiab,  ItiO  kilometers  (96  miles)  nortliwesl  of  Sau  Pi-an- 
ciscti.  Many  chiiuueys  «ere  throwu  down  aud  three  brick 
buildings  wi-re  partially  wrecked.  'I'here  were  a  series  of 
shocks  and  reliable  estimates  of  their  iluriitiuu  vary  fi-om 
twenty  secouda  to  one  uiiuute.  The  general  direction  of  tlie 
,  vavea  seemed  to  be  fi-oni  the  south  to  the  north,  although  on 
I  eastern  side  of  the  valley  the  damage  to  the  buildings 
E  the  State  Insane  Asj-luni  Beamed  to  be  almost  entirely  from 
fee  east  and  west  movement. 

At  the  Latitude  Station  no  damage  whatever,  was  done. 
The  obaen,'fttory  clock,  which  faces  9i>ntli,  was  not  stopped, 
bnt  it  lo9t  sis  seconds  duriuL-  the  disturbanci!,  which  is  equiv- 
alent to  being  stopped  for  that  length  of  time  and  then  set 
to  going  again.  The  pier  upon  which  tlie  zenith  telescope 
rests,  is  apparently  not  damaged,  but  the  telescope  was 
throwu  considerably  out  of  adjustment.  It  was  out  about 
fifteen  seconds  of  arc  in  azimuth  and  the  vertical  axis  was 
out  in  both  directions,  but  not  much  more  than  sometimes 

t^sultfi  from  extreme  changes  in  temperature. 
The  first  series  of  shocks  was  followed   by  three  lighter 
pes,  and  the  observed  data  for  each  are  aa  follows : 
T 


panlllr  Stundiinl  Time 

□t  BesinnlDK 

6,  April,  ISd  &b  ISm  llx  a. 


The  first  time  given  is  uncertain  to  the  extent  of  Ave  sec- 
imds.  pi>ssibly  more,  either  way.  The  other  times  are  cor- 
rect within  two,  or  at  ihe  most,  three  seconds. 

I  was  in  the  observatory  at  the  time  of  the  second  series 
shocks,  at  lOh  4m,  and  percei%'ed  the  effect  of  the  move- 
^nt  in  the  striding  level,  (east  and  west)  ot  the  7,emVi\  X^Vft- 
Tlie  bfibble  ascj/Jflfj?d  over  about  two  A\Vi%\ons  ol  "Ocvft 
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level.  The  value  of  one  division  is  2.2"  and  as  the  distance 
between  the  east  and  west  leveling  screws  of  the  instrument 
is  about  42  centiinetere,  the  disturbance  observed  in  the  bubble 
was  equivalent  to  the  effect  of  raising  and  lowering  one  of 
the  leveling  screws,  by  0.0005  centimeter.  This  shock  was 
felt  very  distinctly  and  it  is  probable  that  the  north  and 
south  component  of  the  motion  w-as  much  greater  than  the 
east  and  west  one. 

The  fourth  shock  was  not  felt  at  all.  It  was  detected  dur- 
ing the  progress  oif  latitude  observations  by  a  movement  of 
the  bubbles  of  the  latitude  levels.  The  oscillation  (north  and 
south)  was  about  one-half  of  one  division,  and  the  value  of 
one  division  is  1.0". 

SroNEY  D.  T0WNT4EY. 

International  Latitude  Observatory,  TJkiah,  California. 


SElSMOLOGICALi  STATIONS  IN  CAUFORNIA. 

The  need  of  several  well  equipped  seismologieal  stations  in 
California  has  long  been  felt  and  has  become  more  pressing 
through  tlie  recent  earthquake  and  the  desirability  of  ac- 
curate observations  of  the  after-shocks.  Several  Duplex 
seismographs  for  recording  the  horizontal  motion  of  the 
P^arth's  crust  have  been  in  operation  in  various  parts  of  Cal- 
ifornia for  a  number  of  years.  But  the  only  instruments  avail- 
able for  recording  the  time  element  and  the  vertical  com- 
j»onent  are  two  p]wing  seismographs  of  w^hich  one  is  installed 
at  the  Lick  Observ'atory  and  the  other  at  the  Students'  Ob- 
servatoi  y.  The  chief  disadvantages  of  these  instruments  are 
that  thoy  do  not  magnify  the  motion  sufficiently,  that  tliey 
are  not  sufficiently  sensitive  and  that  the  records  are  not 
continuous,  the  clock  and  disc  being  started  by  the  shock. 
The  Students'  Obsonatory  also  has  an  old  style  seismograph 
of  the  Gray-Milne  pattern,  which  originally  gave  a  continu- 
ous record.  But  owing  to  the  lack  of  an  assistant  to  give  it 
the  constant  care  it  requires,  the  instrument  was  altered  some 
years  ago  so  as  to  start  with  a  shock,  and  latter  it  was  en- 
tirely abandoned.  Since  the  earthquake  of  April  18th.  it 
has  been  ovorhanled  for  want  of  a  better  instrument,  and  is 
now  in  operation.  AYith  the  meager  apparatus  at  their  dis- 
posal, the  Lick  and  the  Students'  Observatories,  are.  how- 
ever, constantly  securing  such  records  as  may  be  obtainetl. 
It  might  be  mentioned  here  that  aside  from  systematically 
o/i.9erving  earthquake?;,  \\\e?5^  Wcv  ri\xs^^Y^?vtoTies  also  keep  a 
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coiupiete  ineterologieal  rt-oonl  in  nceiirdaiice  witli  the  instriR*- 
tinns  laid  clown  by  th«  U.  S.  Weather  Bureau,  for  voluiitHry 
phservera. 

There  is  iiiuiipdiate  pmspfct  fur  an  impnjvod  outfit  iu 
"■isiLrturaphs  at  itt  least  three  stationB  in  California.  The 
Carnegie  Institution  in  inptiillinfr  seismographs  at  its  Sdar 
Obsi'rvntiirj-  on  Miiunt  Wilwm.  the  U.  S.  Weather  Bnri'uii  on 
Mount  Tamalpnis,  and  rnifessor  Omoiii  has  bmught  one  iif 
liis  iuKtnnnentii,  iiiatudfyinf:  ahont  100  times,  from  Japan, 
and  is  settinii:  it  up  at  tlie  StUEients'  Ohservatoiy.  The 
United  States  government  ou^hl  to  create  a  8eismoh>nical 
commission  with  powers  and  functions  similar  to  those  under 
which  the  Japanese  IniperiHl  Commission  is  actinji.  The 
oreanization  of  seisniologieal  societies  iu  various  States,  co- 
operating with  the  Infemntional  Seismologieal  Association, 
would  also  add  iiineh  to  the  proTiiotion  of  seism ological  re- 
search. 

A.  O.  LKi;si;iiNi:R. 
_     Berkeley.  Cid.,  June  Htli, 


^r  Jleiidiers  of  the  soeiety  who  are  jiK-iited  in  CiilifoniiH  will 
lender  material  aid  iu  llie  invesligHliim  of  earthiinakc 
phenomena  in  this  State.  H  they  will  carefully  record  future 
shocks  in  accordance  with  the  Kcheiiie  outlined  below.     All 

Ietmiinnnications  should  be  addressed  to  the  State  Earthquake 
Kjmiuimion.  I'niversity  of  California.  Berkeley,  Culifornia. 
F  Give  information  on  the  following: 
■  1.— Postofflce  address;  town,  coimty,  anil  Stiite. 
fc  2.— Place  and  date  of  observation. 
r  3. — Name  and  address  of  the  observer,   if  other  than  I  lie 
%rit«r. 

4.— Give  estimate  of  the  intensity  of  the  carthyuake  on 
the  Rossi-Porel  Scale.  The  Rossi-Fsrel  Scale  a.s  amended  by 
^e  commission  is  as  follows; 

I.  Perceptible,  only  by  delicate  instruments. 

II,  Very  slight,  shocks  notieeil  by  few  persons  at  rest. 
ni.     Slight  shock,  of  which  duration  and  direction  was 

noted  by  a  number  of  persons. 
Moderate  shock,     reporttti  by  pei-sons  in   motion; 
shaking  of  movable  objects;  cracking  of  ceilings. 
Smart    shock,     generally    felt ;     furniture    shaken ; 
some  clocks  stopped;  siime  sleepcrB  avi»V.PT\eA. 
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VI.  Severe  shock,  general  awakening  of  sleepers;  stop- 

ping of  clocks;  some  window  glass  broken. 

VII.  Violent  shock,  overturning  of  loose  objects;  falling 
of  plaster;  striking  of  church  bells;  some  chimneys 
fall. 

VIII.  Fall  of  chimneys;  cracks  in  the  walls  of  buildings. 

IX.  Partial  or  total  destruction  of  some  buildings. 

X.  Great  disastei*s;  overturning  of  rocks;  fissures  in  the 

surface  of  the  earth;  mountain  slides. 

5.— Give  any  facts  that  you  can  as  to  the  directions  the 
earthquake  waves  seemed  to  travel.  Describe  the  character 
of  the  shock,  whether  a  temblor  or  an  oscillatory  motion, 
etc.,  and  whether  you,  youi-self,  or  others,  had  any  clear  im- 
pressions as  to  the  direction  in  which  it  was  moving,  the  facts 
on  which  this  impression  was  based  and  whether  people 
agreed  as  to  the  direction. 

6.— Give  also  any  further  particulars  of  interest,  whether 
they  are  from  observation  or  hearsay.  If  any  changes  oc- 
curred in  the  ground,  such  as  depressions  or  elevations  of 
the  surface,  fissures,  emissions  of  sand  or  water,  describe 
fully.  Character  of  damage  to  buildings.  .  General  direction 
in  which  walls,  eliiiniieys  and  columns  in  cemeteries  were 
ovortlirowii.  Sprinj^s,  wells  and  fivers  are  often  notably  af- 
fect (^1,  oven  })y  slifrht  shocks,  and  any  information  in  regard 
ti)  sncli  flinnges  will  l>e  valuable. 

7.— State  as  exactly  as  possible  the  time  of  commencement 
and  the  durafiott  of  each  shock. 

The  exact  time  of  the  l)ey:inning  of  a  shock  (to  the  nearest 
second, )  one  of  the  most  important  of  all  observations,  is  dif- 
licult  to  i:ct  c(UTectly,  because  of  the  great  velocity  with  which 
the  wave  trav(ns,  and  })eeaiise  the  watch  or  clock  must  be  im- 
mediately compared  with  a  clock  known  to  be  keeping  st-and- 
ai'd  time.  If  sevcuai  lioui*s  have  elapsed  before  the  compari- 
son is  made,  another  comparisim  should  be  made  an  hour 
later,  in  oi'der  to  find  whether  your  timepiece  is  gaining  or 
losin^^  Tlie  oi)servation  cannot  be  regarded  as  a  good  one, 
unless  it  is  stated  that  this  has  been  done.  Telegi'aph  op- 
irat^>rs,  railroad  olKicials.  watchmakers,  etc.,  have  esi)ecially 
^'ood  opportnniti(^s  for  answerinjr  this  question  correctly,  and 
their  co-operation  is  most  earnestly  solicited. 

If  a  clock  was  stopped,  irive  the  exact  time  it  indicated 
(and  anytliinir  known.  i\s  how  fast  or  how  slow  it  was,)  its 
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position,  the  direction  in  wbich  it  was  facing:,  and  the  length 
of  the  pendulum. 

8, — If  a  shock  was  not  felt  in  your  neighborhood,  although 
noticed  at  places  not  very  far  distant,  do  not  fail  to  answer 
the  first  four  qnestioua,  as  negative  reports  are  of  trreat  in- 
terest in  defining  the  limits  of  the  disturbed  area,  etc.  Stale 
also  the  nearest  point  to  your  at-fition  where  the  slwek  was 
felt. 

9.— Name  the  writer. 

A.  0.  Lbiischner. 

Berkeley,  Cal.,  June  9th. 

Secretary  California  State  Earthquake  Investigation  Com- 
mittee. 


HEIGHT   OF    THE    HYDBOQEN    FI/>CCUU. 

The  first  photographs  of  the  Sun  in  hydi-ogen  light  were 
taken  with  the  Bunifurd  spi-ctroheliograph  of  the  Yerkes  Ob- 
st-rvatory  in  1903.  The  U.^  line  was  used.  Upon  develop- 
ing the  plate,  Mr.  EbLiiRMAN  and  I  were  surprised  to  tiud 
that  instead  of  bright  fioecuii,  similar  to  those  obtained  with 
the  U  and  K  lines  of  calcium,  durk  floecuU,  of  similar  form, 
were  present.  Subsequent  photographs  showed  that  the 
hydrogen  flocculi  are  ordinarily  dark,  though  in  the  case  of 
active  eruptions,  and  sometimes  in  the  immediate  vicinity  of 
Sun-spota,  these  flocculi  are  bright.  With  the  Riunl'ord 
spectroh el io graph,  it  was  possible  to  photograph  only  narrow 
zones  of  the  solar  image  in  hydrogen  light,  but  with  llie 
spectroheliograph  now  in  use  with  the  Snow  telescope  on 
Mount  AVilaon,  the  entire  solar  disk  is  photographed  daily 
with  one  of  the  hydrogen  lines. 

The  darkness  of  the  hydrogen  flocculi  was  accounted  for 
provisionally  on  the  assumption  that  the  regions  shown  are 
at  a  oonsdderable  elvation  in  the  chromosphere,  where  the 
temperature  is  low  enough  to  produce  absorption.  Indepen- 
dent evidence  in  favor  of  this  idea  has  recently  been  atTorded 
by  tlie  demonstration  thai  the  comparatively  rare  dark  cal- 
cium flocculi  are  characterized  by  the  widening  of  the  H» 
and  Ks  lines  (due  to  the  high  level  caJeiiim  y?.por)  and  that 
these  occasional  dark  nalciiuii  flocculi  are  almost  invariably 
associated  with  very  strong  dark  hydrogen  flocculi.  Some  un- 
certainty as  to  the  elevation  of  the  ordinary  dark  hydrogen 
flocculi  would  still  remain,  however,  since  the  excep\,\OTva\Vv 
dark  hydrogen  Soeciili  juat  referi-ed  to  might  perhaps  \i«  «S. 
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t\  greater  elevation.  A  new  method  of  testinj?  the  quefrtioii 
recently  suirgested  itself  to  nie  and  \n\s  been  can-ieJ  out  with 
the  aid  of  a  Zeiss  stereoconi  para  tor.  In  this  instrninent  it 
is  possible  to  observe,  through  a  single  eye-piece,  (belongiDg 
to  the  new  monocular  micrometer  attachment)  a  hydrogen 
plate  supei-posed  upon  a  calcium  plate  of  the  same  date.  The 
plates  compariM^,  are  taken  within  so  short  an  interval  of  time 
that  no  appreciable  change  occurs  on  the  Sun  between  the 
exposures.  The  monocular  eye-piece  is  provided  with  a  de- 
vice by  means  of  which  the  light  from  either  plate  can  be  ent 
off,  while  the  light  from  the  other  plate  is  admitted  to  the 
eye.  The  corresponding  hydrogen  and  calcium  flocculi  can 
thus  be  observed  in  rapid  succession,  and  the  slightest  rela- 
tive displacement  of  their  images  can  be  detected  and  meas- 
ured with  the  aid  of  the  micrometer.  Working  in  this  way, 
especially  near  the  Sun's  limb,  I  found  marked  displacements 
of  the  hydrogen  flocculi  toward  the  limb.  At  the  middle  of 
the  disk  such  displacements  are  almost  entirely  absent,  though 
the  observations  are  complicated  by  the  fact  that  the  hydro- 
i;en  and  calcium  flocculi  are  not  always  identical  in  form. 
The  results  of  a  large  number  of  measures  of  the  relative 
positions  of  calcium  and  hydix)gen  flocculi  leave  no  doubt  in 
my  mind,  however,  that  the  hydrogen  flocculi.  on  the  averajie, 
lie  at  a  hiirlier  level,  that  the  IT.  calcium  flac»culi.  Such  a  dif- 
ference of  level  would  naturally  caiLse  di.splacements  of  the 
hydrogen  flocculi  with  reference  to  the  calcium  floi*euli.  wliich 
should  be  in  tlie  direction  of  the  limb  and  sliould  incn-ase 
with  the  distanee  from  the  center  of  the  Sun.  Such  disphn'C- 
ments  are  actually  shown  in  the  measures. 

Tile  niethnd  promises  to  be  of  considerable  sei-^'ice.  both 
in  the  comparative  study  of  hydrogen  and  calcium  fl(XH*uli. 
and  ill  the  invest i. nation  of  dift'erences  of  level  of  the  calciuin 
fiocenli  ])h()t()irraphed  with  the  H,,  H2  and  H3  lines. 

(JEOR(5E  E.  Hale. 


Idkntificatiox  of  Faint  LiNb>;  ix  tub  Spectra  of  Si^'-Spots. 

Ill  a  iee(Mit  paper  by  Mr.  Adams  and  myself  {Ciyufribu- 
tKHis  from  (In  Sohw  Ohst  rnifori/.  No.  5),  it  was  shown  that 
the  faint  lines  in  the  spectra  of  Sun-spots  aiv  coincident  in 
position  with  the  faint  lines  of  the  solar  spectimm,  though 
the  solar  Hik^s  are  much  fainter  than  the  corresponding  spot 
lines.  Since  most  oi'  tlies(»  faint  lines  are  not  identified  in 
KowlaiKrs  table  of  solar  spectrum  wave-length.s,  the  question 
of  ilwiv  identiticat'um  wvxs.  wv\\\\yv\\\\  \w\*?fcvL.    Mr.  Adams  am! 
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Mr.  Gale  awrdirijily  miilertook  a  stiuly  uf  tlif  suhjeet  in 
the  laboratory,  based  iiiioii  tbe  ^ciigireRtiou  tbat  long  exposures 
of  the  are  spectnnu  mijjht  bring  out  many  faipt  lines  which 
are  not  given  in  published  tabli's  of  -vi-ave-lengthx.  8uch 
metals  as  titanium,  vanadiiini  and  inanpanese,  which  are  rep- 
n-sented  by  inuny  stroniir  lines  In  Iht'  spectra  of  Sun-spots, 
wpre  fimnd  to  {rive  numerous  fn.int  lines  if  the  exposures  were 
suffii'ieritly  prolonjrej,  A  liirge  uiuiiber  uf  these  lines  have 
been  identified  with  spot  lines,  piveautions  being  taken  to 
avoiil  more  chance  coinoidi'nees.  Tin-  investigation  is  being 
continued,  and  the  spectra  of  alt  of  the  metals  that  are  promi- 
iii'ritly  represented  in  spot  spectra  will  be  studied  in  this  way. 
By  the  aid  of  photographic  plates  sensitised  with  pina- 
cbroine  it  has  been  found  possible  to  nbliiiii  irund  iibntographs 
of  the  widened  lines  in  the  less  rrrriintiible  n'L'inn  of  spot 
spectra.  Tlie  portion  of  the  speetr-imi  llnis  iuuhidwl  in  our 
regular  work  now  extends  from  the  red  as  fiir  toward  the 
virdet  as  the  widened  liiie.s  nre  foinid. 

Oeurge  E.  Hale. 


4'K(iANI/.ATKIN  (IF  TUB  Cmil'UTlNU      UlVISHIN      OF      THE      SoIjAR 

Obsebvatoby. 

ITie  meaBUreraeots  of  photographs  taken  ou  Jit.  Wilson, 
and  the  ueeessarj'  computations,  will  for  the  most  part  be 
made  at  the  Solar  Ohser\'attirj-  Office  in  Pasadena.  An  addi- 
tion to  the  buildiuft  has  recently  been  completed,  with  a  num- 
ber of  offiees  for  computers.  The  Computing  Division  will 
h.'  in  charge  of  Mr.  W.  S.  Adams,  who  will  hercHfter  spend 
iiiiich  of  hi*  time  in  Pa.sadcna.  though  he  will  cjintinue  to 
carry  on  specinl  investigii lions  at  Mt.  W'il»iu  as  opportunity 
l)eruiits.  Miss  IxrnaE  Wake,  who  wns  a.ssoeiiited  with  Ur. 
ScHi-EfiiNOEai  in  his  investigation  of  stellar  parallaxes  at  the 
Yerke.s  Observatory,  under  a  grant  fnim  the  Carnegie  Instt- 
lotion,  will  joiji  the  Computing  Division  on  July  1st.  Other 
cimiputerB  are  being  secured,  and  as  several  more  will  be 
needed  in  the  near  futnte.  applications  from  persons  desiring 
to  take  part  in  this  work  may  be  sent  to  Mr.  Adams  at  the 
Solar  Ohs(  rvatory  Office,  Pasadena.  A  new  glolie  measuring 
machine  for  heliographic  positions  is  just  being  completed, 
and  mea-suring  machines  for  spectra  have  been  obtained  from 
ToEPFER  of  Potsdam  and  Gaebtnbb  of  Chicago.  Calculating 
machines  have  also  been  provided,  and  it  is  hoped  that  the 
Computing  Division  will  be  in  full  operation  within  a  short 
time. 

Georoe  E.  Rmi.. 
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The  Five-Foot  Reflector  op  the  SoiiAb  Observatory. 

The  equatorial  mounting  of  the  five-foot  reflector,  which 
is  under  construction  at  the  Union  Iron  Works  in  San  Fran- 
cisco, was  not  injured  in  the  least  by  the  eaji^hquake.  An 
erecting  house,  with  electric  hoisting  apparatus  capable  of 
lifting  loads  of  fifteen  tons,  has  been  provided  on  the  grounds 
of  the  Solar  Observatory  in  Pasadena.  The  reflector  mount- 
ing will  soon  be  erected  in  this  house,  and  completed  by  our 
own  instrument  makers  and  machinists,  working  under  the 
direction  of  Professor  Ritchey. 

Excellent  progress  is  being  made  by  Professor  Ritchey 
and  his  assistants  in  parabolizing  the  five-foot  mirror.  A 
three- foot  plane  mirror  is  also  being  made  for  testing  purposes. 
Other  recent  work  of  the  optical  shop  includes  a  two-foot 
mirror  of  143  feet  focal  length  for  the  Snow^  telescope,  a 
twenty-inch  plane  mirror  for  testing  purposes,  and  several 
smaller  plane  and  conciive  mirrors  for  laboratory  use.  The 
instrument  shop  is  just  completing  the  globe  measuring  ma- 
chine for  heliographic  iK)sitions,  a  grinding  machine  for  mir- 
rc>i*s  up  to  forty  inches  in  diameter,  a  circular  dividing  en- 
gine,   etc. 

George  E.  Hals. 


Stability  of  tue  Thirty-Six  Inch  Equatorial  of  the  Lick 

OBShJlVATORY. 

On  Saturdny,  April  28th,  Dr.  J.  H.  Moore  and  the  writer, 
tested  tlie  ndjustiiu'iit  in  elevation  of  the  36-inch  telescope  by 
SciLVEHKKLE  s  iiielhcHl,  Hiicl  ou  the  followiug  Tuesday,  May 
1st,  I  detennined  the  azimuth  correction  by  observations  on 
Pohiris.     The  resultin»r  c(»rreetions  are : 

1906,  April  28th,  level  44''  too  low. 

190(i,  :\Iay  1st,  aziumth-f-ar 

The  last  previous  observations*  for  the  position  of  the  tele- 
scope were  made  by  Pi*ofessor  Scuaebeble  in  1896-97,  with 
the  results: 

189^;,  December  ilth,  level  IV  t(K)  low. 

1897,  Ai)ril  24th,  azimuth+'' 

It  is  apparent  from  these  figures  tJiat  neither  the  recent 
^reat  eaiihquake  nor  the  sharp  shock  of  August,  1903,  has 
sensibly  afteet(.Ml  the  position  of  the  telescope.  This  result 
was  expected  since  the  telescope  followed  accurately  in  all 
parts  of  the  sky  after  the  eaithcjuake,  and  determinations  of 
parallel  made  east,  west  and  south,  agreed  within  the  least 
readin<r  of  the  micrometer  position  circle. 

:\rav,  190r).  R.  G.  Aitkex. 


*Svc  these  Publicaiions.  V vA.  \X.  v.  W*. tv^t  swxBxaa.t's  of  \^re\iouM  obser\'ation<a 
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HlSTORV  OP  THE  NAMING  OF  51t.   HAMILTON. 

At  the  rwent  meetinfj  of  the  Xatioiiul  Acatk'ui.v  of  Sciences 
ill  Wiishiiigton,  I  was  piensed  to  secure  from  William  U. 
Bkewer,  i(ri)fcssiiii-  Mirii-ritus  in  Yalf  University,  the  history 
of  the  DfHiiiiiu;  of  .Mount  Ilaniiltoti.  The  following  account  is 
based  on  notes  niade  hy  me  during  Professor  Brewee's  recital 
of  the  facts: 

In  the  years  1853-4,  Mr.  Brewer,  and  Rev.  Laurentine 
Hamilton,  a  Presbyterian  elei^yuian,  were  intimate  friends 
at  Ovid,  Seneca  county,  New  York.  Ahout  1855,  Mr.  Ham- 
uton  went  to  Grass  Valley,  California,  as  a  Presbyterian 
nii^iouarj',  and  a  few  years  later  he  moved  to  San  Jose,  act- 
ing in  the  sanie  capacity. 

Xfr.  Brewer  waa  a  professor  in  Washington  and  Jeffer- 
stm  College  during  the  years  1858-60.  In  the  latter  year  Pro- 
fessiir  Brewer  went  to  California  to  act  as  first  assistant  in 
charge  of  field  work  on  the  Califoniia  State  Geological  Sur- 
vey, then  just  established  with  Professor  J.  D.  Whitney  as 
State  Geoiopist.  Assistjiut  Charles  F.  Hoffman  was  the 
Chief  Topographer  of  the  survey. 

The  work  of  Messrs.  Brewer  and  Hoffman  bej^an  at  Los 
Angeles  in  November.  18G0.  They  worked  northward, 
reaching  San  Jos^  in  Miay.  1861.  From  local  reports,  they 
judged  that  tlie  mountain,  thii-teen  miles  due  east  of  San  Jose, 
was  the  highest  within  .sight  of  San  Francisco,  and  they  were 
accordingly  very  anxious  to  occupy  it  as  a  point  of  observa- 
tion in  the  suiTey.  BrewebV  friend.  Hamilton,  voIud- 
toered  to  accompany  them  to  the  summit,  principally  to  show 
them  the  trails,  witJi  which  he  was  familiar.  This  trip  was 
made  on  horseback,  nearly  to  the  summit,  probably  to  the 
point  now  known  as  the  "brickyard,"  and  the  remaining 
distance  was  made  on  foot.  Mr.  Hamilton  reached  the  siim- 
mit  first,  and  eailed  back.  "This  is  the  top."  MJessrs.  Brewer 
and  Hoffman  completed  their  observations  and  returned  with 
Mr.  Hamilton  to  San  Jos4. 

Careful  inquiry  in  San  Jos^  and  vicinity,  and  especially 
of  the  professors  in  Sairta  Clara  College,  established  that  the 
.inountain  had  no  name.  It  was  known  as  the  mountain 
ir  the  lOTiut. 

arions  times  later  in  the  year  1861,  while  Mr.  Hoff- 
mann was  working  up  the  map  of  tlie  region,  the  naming  of 
the  mountain  was  discussed.  Jle-ssrs.  Brewer  and  Hoffman 
at  first  de.'dred  to  call  it  "Whitney,  hut  Professor  Whitney 
declined  to  let  it  be  so  called',  holding  that  it  was  improper 
for  tJie  head  of  the  survey  to  sanction  it.  Later  in  the  same 
year,  either  Mr.  Brewer  or  Mr.  Hoffman  suggested  that 
the  mouatain  be  called  Hamilton,  in  honor  ot  "Wt.  ■BttEWCT.''*. 


2-JO  Puhlications  of  the 

• 

fiii^nd,  the  Kev.  Ij^mbkxtine  Hamilton,  and  the  name  was 
thereupon  adopted.  Professor  Brewer  is  not  sure  as  to 
whether  the  su«;<i:e.stion  eanie  from  him  or  from  Mr.  Hoff- 
MAx.  W.  W.  Campbell. 


rn 


The  Me-vsurement  and  Kediction  of  tue  Puotogr^vphs  of 
Eros  ^Fade  With  the  Crossley  Reflector  in  1900. 

The  measurement  and  i  eduction  of  the  photoofraphs  of  Ktos 
which  were  taken  in  1900,  with  the  Crcssley  Retiector.  for  the 
determination  of  the  solar  parallax,  has  been  in  progress  at 
Mount  Hamilton  since  December  1st,  1905.  The  work  Is 
being  done  by  Miss  Predrica  Chase,  formerly  of  Vassar 
College  Observatory  and  Miss  Adklaide  M.  IIobb,  formerly 
of  the  Students'  Obseivatoiy  of  the  University  of  California, 
under  a  grant  from  the  Carnegie  Institution. 

Experimental  measurements  and  reducticais  and  the  prep- 
aration of  reduction  tables  for  the  entire  work  consumed 
about  three  months'  time.  The  definitive  measurement  is 
now  in  progress  and  the  measures  of  150  plates  are  ready  for 
reducticm  as  soon  as  the  places  of  the  comparison  stars  are 
available. 

The  most  st*rious  dillficulty  in  the  reduction  of  this  Avork 
was  to  obtnin  suflicic^ntly  accurate  placf^  of  enough  stars 
within  the  liniitj-d  licld  of  the  Crossley  plates.  Through  the 
kindness  oT  Pr()fi\^.s(ir  lliNKs  of  the  Cambridge  Observatory, 
enough  additional  stars  are  being  included  in  the  catalogue, 
which  h<'  is  forniinir  for  his  own  and  other  similar  work,  to 
satisfy  this  finidanirntal  need    completely. 

MaV  lOtli,  VMm.  *       C.  D.  Pekrine. 


XoTi:  ()X  a  Convkniknt  IMktiiod  for  Computing,  From  Ele- 

MKXTS,  TllK  l)An>Y  ]\1oTI(>N   IX   (lEOCENTRIC  RiGHT 

Ascension  and  Declination. 

In  Popular  Astronomy  for  May,  19(H),  Professor  Herbert 
]..  Hici:.  oi*  tlH'  \aval  Observatory  gives  a  method  of  comput- 
ing the  daily  motion  in  gcoccntiic  right  ascension  for  an 
asteroid  whose  elements  are  given.  After  reading  this  it  oc- 
curred to  the  writer  to  develop  (  thei*  formulae  for  determin- 
ing this  daily  motion.  ])as4Ml  upon  the  methods  used  in 
I.EisriiXER's  "Sliort  Method''  for  determining  orbits.  The 
same  example  that  Profc^ssor  Rice  used  to  illustrate  hia 
method  was  used  and  sliows  that  only  about  two-thirds  as 
mucli  computing  is  neeessan'  as  in  his  method. 

As  the  dailv  motion  \n  both  right  ascension  and  declination 


AstroMoiiii.ul   Sovifly   of  the   I'acific. 


227 


» 


are  veiy  useful  in  interpulating  positions  from  an  ephemeris, 
tile  writer  sii^rfrests  that  Iwreafter  such  data  be  pnblishpd 
along  witli  an  opheincris.  Thi^  extra  computing  neeessai-j'  'f 
obtain  these  fur  a  four-date  ephemeris  would  involve  but 
verj'  little  tirae,  not  more  than  fifteen  <ir  twfnty  minutes. 
With  this  end  in  view,  the  formulae  for  obtaining  the  d«ily 
motion  ID  fieoeentrio  decliuution  and  in  log/'  have  aleo  been 
derived,  lite  details  of  these  developments  have  been  for- 
warded  to   Popular  Astronomy    for  ptiblieution. 

tTime  11th.  lEtOfi.  Ri'.ssti.L  Thacv  Chawkord. 


TiiHEi':  Xftw  Rapid  Binakiks. 

It  is  to  be  expeeted  that  many  of  the  elose  double  stars 
discovered  at  the  IJek  Observatory  within  the  hist  few  yeara, 
will  prove  to  belong  to  the  class  of  short  period  binary  sys- 
tem.s.  In  two  instane^s,  A  88  and  A  417,  this  has  alreatly 
been  demonstrated,  my  published  inessnres  showinij  n  motion 
of  128°  in  five  years  for  the  former  Mtar,  and  of  33"  in  three 
years  for  the  hitler. 

Measui-es  made  within  the  last  few  months  show  that  Hu 
1176.  A  570,  and  A  fifll.  also  belong  to  this  class.  ISly  recent 
^measures   and   the   discovei-v   positions  of  these  stars   are   as 
tallows: 
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E  Duplicity  op  the  Principjii.  Component  op  5  2348. 

,^,.  examination  with  the  3G-inch  telescope  on  the  night  of 
ay  17,  1906,  showed  that  the  principal  component  of  the  wide 
«ir  22348  was  itself,  a  very  close  double  star.    My  measure 
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on  that  ni^ht  made  the  distance  only  (>'M4  in  the  position 
angle  270\5.  The  two  components  seem  to  be  of  the  same 
brightness,  each  being  rated  at  6.0  magnitude.  The  Harvard 
Photometiy  gives  the  star,  which  is  190  Draconis  B.,  the  mag- 
nitude 5.4.  Although  the  system  possesses  no  sensible  proper 
motion,  it  belongs  to  the  type  of  stars  in  which  rapid  orbital 
motion  is  to  be  expected. 

Mav,  1906.  B.  G.  Aitken. 

V     7 


New  Members  of  the  Stai-^p  of  the  Solab  Observatory. 

Dr.  Henry  G.  (^ale,  recently  Im^tructor  in  Physics  at  the 
Ryerson  Laboratoiy  of  the  University  of  Chicago,  joined  the 
staff  of  the  Solar  Observatory  in  Februarj-  last.  Dr.  (i ale's 
principal  work  \vill  be  in  the  spectroscopic  laboratory  on 
Mount  Wilson,  where  he  is  carrying  on  various  investigations 
on  arc  and  spark  spectra  as  related  to  the  spectrji  of  Sun- 
spots.  For  several  years  Dr.  Gale  has  been  assisting  PiotVs- 
sor  ^hcHEUsoN  in  his  optical  investigations,  and  has  thus  ac- 
quired an  experience  which  will  prove  of  great  service  in  his 
new  work. 

Dr.  II.  K.  Palmer,  who  has  recently  returned  from  Chile, 
where  he  assisted  ]\Ir.  Wright  in  the  spectroscopic  work  of 
tlie  ^lills  Exptnlition  of  the  Lick  Obsen-atory,  has  just  jointni 
the  statt'  of  the  Solar  Observatory.  Dr.  Palmer  will  for  a 
tinii'  assist  Mi'.  Ahhot  in  his  studies  of  the  solar  constant,  and 
subsequently  take  up  bolonietric  investigations  of  the  Sun 
with  the  Snow  teles<*o])e.  His  acquaintance  with  reflectinir 
telescopes,  derived  from  his  work  with  the  Crossley  refleet<u-, 
as  Prof(*ssor  Kkklkr's  assistant,  and  his  subse<iuent  work  in 
South  America  should  render  him  a  valuable  member  of  our 
staff.  George  E.  Hale. 


Personal  Notes. 

^Ir.  Skbastlvn  Albrkcht.  fellow  in  the  Lick  Obser\^atory 
during  the  past  three  years,  received  the  degree  of  Doctor  of 
Philosophy,  in  Astrophysics,  at  the  May  commencement  of 
the  (Iniversitv  of  California.    The  titles  of  his  theses  are: 

% 

1.  A  Spectrographie  Study  of  the  Fourth  Class  Variable 
Stars  Y  Ophiu-cJfi  and  T  Vulpeculae. 

2.  On  the  Distortion  of  Photographic  Films  on  Glass. 
During  the  coming  academic  year,  Dr.  Albrecht  will  be 

an  assistant  in  the  Lick  Observatory,  on  the  D.  0.  Mils  founda- 
tion, continuing  the  measurement  and    reduction     of    sp^c- 
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trogranis  oblaineil  by  the  MJIfs  Expedition  to  the  Southern 
Hemisphere. 

Mr.  Geoeoe  p.  Paddock,  post  graduate  student  in  thp  Mc- 
Cormick  Observatory,  Univei-sity  of  Virginia,  has  been  ap- 
point«d  assistant  in  the  Lick  Observatory,  with  duties  i^t 
Santiago.  Chile,  assisting  Astronomer  Heber  D.  Cxjbtis,  in 
charge  of  the  Mills  Expedition.  Mr,  Paddock  sails  from  New 
York  on  June  30th. 

Dr.  Harold  K,  Fauweb,  sueeessively  Fellow  in  the  Lick 
Observatory  and  Assistant  on  the  D.  0.  Mills  foundation  in 
Chile,  and  on  Mount  Hamilton,  has  resigned  to  accept  n  po- 
sition on  the  staff  of  the  Solar  Observatoi-y  of  the  Carnegie 
Institution  on  Mount  Wilwm.  Dr.  Pai-mer  goes  with  the  pood 
will  and  best  wishe.s  of  nil  the  residents  of  Mount  Hamilton. 

Mr.  RoscOE  F,  Sanfohd,  B.S..  University  of  MSnnesota, 
1905,  hag  been  appointed  as  Carnegie  Assistant  in  the  Lick 
Observatory,  with  duties  in  the  Meridian  Circle  Department, 
under  Professor  Tccker's  direction. 

W.  W.  Campbeu.. 


SitiTiiBONrAN'  Expedition  to  Mount  Wil.S(j.v. 

Mr.  Charuk  G.  .iVBBOT,  Aid  acting  in  charge  of  tlie  Smith- 
sonian Astrophysical  Observatory,  has  arrived  at  Mount  Wil- 
son, and  will  continue  the  study  of  the  solar  constant  which 
he  eoinmeneed  here  last  year.  During  the  winter  the  mimer- 
OUB  holographs  and  pyrheliometer  meajiiires  made  last  sum- 
mer have  been  reduced  at  Washington,  with  extremely  satis- 
factory results.  In  view  of  the  high  precision  of  tJiese  de- 
terminations of  the  solar  con.stnQt,  due  to  the  excellence  of 
tile  atmospheric  conditions  at  Mount  Wilson,  it  is  hoped  that 
the  Smithsonian  Institution  will  be  able  to  continue  this  work 
through  at  least  one  full  Sun-spot  period. 

George  E.  Haus. 


Award  of  the  Draper  Medal  to  Dibectoe  Camfbeu.. 

The  National  Academy  of  Sciences  has  this  year  conferred 
the  Draper  Medal  upon  Dr.  W.  W.  Campbell,  Director  of 
the  Lick  Observatory.  The  mednl  was  formally  presented  to 
Dr.  Campbell  on  April  17th,  at  a  banquet  given  by  Pi-esident 
Alexander  Agassiz.  to  the  members  of  the  Academy  and  in- 
vited guests  in  Washington,  D.  C. 

R.  G.  k\TKes. 
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GENERAL  NOTES. 

PRIZES    OFFFRICD    BY    TIIK    FRENCH    ACADEMY    OF    SCIENCES. 

The  sum  of  100,000  francs  has  been  bequeathed  by  Madame 
Guzman  to  the  French  Academy  of  Sciences  as  a  prize,  to 
bear  th(»  name  of  the  Pierre  Guzman  Prize,  in  memory  of  her 
sou,  and  to  In*  awarded  to  one  who  shall  discover  means  of 
communicating  with  some  astral  body  other  than  the  planet 
Mars.  Forseeing  that  this  prize  will  probably  remain  un- 
claimed for  some  time  to  come,  provision  has  been  made 
that  the  accunmlating  interc^  shall  be  used  for  prizes,  also 
bearinjr  the  name  Pierre  (Juzman,  to  be  awarded  at  intervals 
of  fiv(>  years  to  scholars,  either  French  or  foreign,  who  shall 
make  important  contributions  to  the  Science  of  Astronomy. 
1  he  year  1910  has  been  fixed  upon  as  the  date  for  the  first 
award. 

Other  prizes  oflered  by  the  Academy  are:  The  Lalande 
Prize  (annual,)  of  540fr.  for  the  one  making  the  most  in- 
teresting observation  or  publishing  the  memoir  most  useful 
to  tlu*  i)r<).L^ress  of  astronomy. 

TIh'  Valz  Prize  (annual,)  of  460fr.  for  the  mos-t  interest- 
ing' astronomical  observation. 

.  Tlu;  (J.  i)H  PoNTEcouiANT  Prizo  of  TOOfr.  (biennial)  to  en- 
e(»ura«j:e  researches  in  (^elestial  Mechanics,  to  be  awarded  in 
PM)7. 

Tin*  Damoiskau  Prize  of  20(X)fr.  (triennial.)  to  be  awarded 
in  IDUS,  for  n  tliiM>ry  of  the  ])lanet  Kros,  basted  on  all  known 
ohsrrvations. 

Thr  Jaxsshx  Prize  of  a  gold  medal  (biennial,)  to  be 
awarded  in  1908,  for  a  discovery  or  research  embodying  im- 
]>ortant  pi-oirress  in  physieal  astronomy. 

» 

TuK  pREssiKK  OF  LKJHT.  The  Fridav  evening  lee- 
lure  at  the  Roy^d  Institution  last  week  was  given  by  Pn^fes- 
sor  J.  11.  PovN'TiNc;,  wliose  subject  was  **Some  Astronomical 
(*onse(jUi*nees  of  the  Pressure  of  Light.'*  The  lecturer  said 
that  the  piessure  of  light —or  rather  of  the  whole  range  of 
radiation  from  the  infra-re<l  to  the  ultra-violet— which  had 
been  ]>ivdiete(l  by  ('lkrk  ]\Iax\vkll  and  proved  to  exist  by 
the  expei'iuKMits  of  Nichols  and  Hull  and  of  Lebedkw,  con- 
stituted a  new  force  that  liad  to  be  reckoned  w^ith.  Though 
a]^parently  neirliiii])le  in  terrestrial  aft'aii's— the  pressure  on 
tho  Earth  would  amount  tosoww^  T'^.WO  Um\s^  which  was  a  mere 
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DOthiiiij:  ill  compariaoii  with  thi'  iriavitatioiml  pull  of  tlii'  "^uii 
—  it  iiii^ht  have  votmiderable  inipoilaiicc  out  in  the  solar 
s.vsti-ni  in  ivy;jirtl  to  Iwdies  which,  though  smaller  than  our 
planet,  were  ypt  much  larger  than  thoap  which  composed  the 
tails  of  coinelR.  Jle  considered  a  bwm  of  light  as  a  camet  of 
momentum,  bearing  with  it  a  forward  pu&h  whith  it  whr 
ready  to  impart  to  any  hody  on  whieh  it  impiaiied  and  exert- 
ing a  backward  push  on  the  simrc-c  fmin  which  it  had  been 
radiated.  He  discussed  the  effects  that  arose  ou  Ihe  sup- 
position Ihat  either  tJie  source  or  the  i-eeeiving  surface  was 
ill  motion,  and  examined  the  condltiims.  as  to  size  and  dis- 
tance, in  which  the  gravitational  pull  on  niaises  of  matter 
would  he  (lutbalane.ed  by  the  pressnre  of  the  Suns  radiation. 
Taking  the  case  of  a  comet,  regarded  as  eomposed,  to  begiu 
with,  of  a  compact  clond  of  particles  of  various  sizes,  he  pointed 
out  that  the  coarser  particles,  as  the  comet  revolved 
round  the  Sun.  would  cet  in  front  and  the  finer  trail  behind. 
After  several  hundred  i-evolutions  the  finer  dust  wxiuld  have 
drifted  nearer  the  finn,  and.  <,'ivi'n  time,  the  different  sizea 
might  become  so  scattered  as  to  lose  all  appearance  of  eon- 
ueetion  with  each  other.  There  could  be  nn  douht  thiit  this 
I  effect  existed,  if  comets  had  the  constitutinn  they  were  now" 
I  snppns^d  to  have,  and  its  result  must  be  that  a  cornel  would 
in  time,  underpo  dissolulinn  and  ultimately  end  in  llie  Sun. 
The  Times  of  May  14th,  i:HK>. 

New     Asikdnomer     Ki>y.Mj     op     Irkland.  Fulinwing 

I  closely  upon  the  appointment  of  Mr.  F.  W.  Dvson  to  the  post 
of  Astronomer  Royal  for  Sttiitlaiid  and  Professor  of  Astron- 
t  omy,  comes  that  of  Mr.  K.  T.  Wtiittakeb  to  p.  similar  position 
^iii  the  fflster  island.  As  the  writer  of  the  "Osford  Nute 
"  points  out,  both  Jlr.  DvsoN  and  Mr.  Wuittakek  held 
■  the  Sheepshanks  A.strunoinieid  FIshibition.  Mr,  Wihttakek 
ttalsQ  an  Isaac  Newton  Studentship,  while  Trinity  (.'ulli'ne, 
pCwubridpe.  numbers  among  its  Fellows  the  Royal  Astrnnii- 
liners  of  the«e  three  kingdoms.— Journu/  of  the  Biitish  Astro. 
^Association. 


The  following   mites 
Kn  of  Scienie : 


be- 


fro 


Hear-Adininil   Cmjiv  .M,   (.'iie-stlh,  siipcrinleudent   uf  the 

fC-  S.  Naval  Obsei'vut^ny,  was  placed  on  the  retired  !i.st  on 

February  28tb.    He  will  be  retained  in  temporarj'  active  duty 

1  the  Bureau  of  Navigation.     Rear- Admiral   Chester  will 

the  fiucceetled  in  charge  of  the  Naval  Observatory  by  Rear- 

l-Adndral  Asa  Walker. 

Professor  E.  C.  PjfiojBiNO.  director  of  the  UaTxaxA  ^^mV 
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lege  Observatory^  has  been  elected  a  corresponding  member 
of  the  Berlin  Academy  of  Sciences. 

Professor  James  Mills  Peirce,  who  was  appointed  tutor 
in  Harvard  University  in  1854,  and  has  been  Perkins  pro- 
fessor of  astronomy  since  1885,  died  from  pneumonia  at  his 
home  in  Cambridge  on  March  21st. 

Mr.  Fee  writes,  in  a  consular  report^  that  the  new  stand- 
ard time  for  India  was  adopted  in  Bombay,  on  January  1st, 
and  is  gradually  overcoming  the  prejudice  incident  to  a  new 
departure.  He  further  says:  "The  Indian  standard  time  is 
ill  advance  five  hours  and  thirty  minutes  of  Greenwich  time, 
being  nine  minutes  faster  than  Madras  time,  about  twenty- 
four  minutes  slower  than  Calcutta  time,  and  about  thirty- 
nine  minutes  faster  than  Bombay  local  mean  time,  the  lon- 
gitude of  the  city  of  Bombay  being  72"  52'  east  of  Greenwich. 
Five  hours  and  thirtv  minutes  advance  of  Greenwich  time 
would  be  the  local  mean  time  for  longitude  82'  30'  east  of 
Greenwich.  This  parallel  of  longitude  passes  through  India 
at  about  the  eastern  mouth  of  the  Godavery  River  in  the  Bay 
of  Bengal,  and  near  Benares,  the  sacred  city  of  the  Hindus, 
on  the  Ganges  River.  It  is  the  local  mean  time  of  this  parallel 
that  now  sets  the  standard  of  time  for  all  India." 

Dr.  AxDiXG,  professor  in  the  University  of  Munich,  has 
been  appointed  director  of  the  obseiTatorj^  at  Gotha. 

Dr.  Pail  Gutiinick,  of  Bothkamp,  has  been  appointed 
astronomer  in  the  Royal  Observatoiy  at  Berlin. 

The  next  meeting  of  the  Astronomical  and  Astrophysical 
Society  of  America,  will  be  held  at  New  York,  in  affiliation 
with  the  American  Ass<jciati()n  for  the  Advancement  of 
SeicMice,  during  conv<K»ation  week.  1906-7. 

The  Obiiirvaiorc  liomano  oilficially  announces  that  the  Rev. 
JoiTX  (Jeorgk  Hagen.  director  of  the  observatory  at  George- 
town University,  is  in  Rome,  and  \nll  be  appointed  director 
of  the  Vatican  Observatory. 

Dr.  John  Anthoxv  ]\hLLER,  professor  of  Mechanics  and 
Astronomy,  in  Indiana  University  since  1895,  has  resigned 
ill  order  to  {icecpt  tlu^  profc^ssoi-sliip  of  Mathematics  and  As- 

tronomv  in  Swart limore  Uollcire. 
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OF  THE    Special    Meeting    of  the    Board  ai     Duectobs, 

AT  THE  Facoltv  Ch.'b,  University  of  Caueoksia,  Bes- 
\.  KELEY,   Sunday,  May  20.  1906.  at  3:30  v.   m. 

President  Levschner  presided.  A  q 
minutes  of  tht  last  meeting  were  approve. 
were   duly   elected. 

■f  Election. 

^M  Professor  Heber  D.  Curtis.  Casilla  laig.  Santiago,  Chile. 

^H  Mr.  J.  Walter   Miles,  Irwin,  Pennsylvania. 

^^K  Dr.  J.   H.  Moore,  Lick  Observatory,   Mouni   Hamilton,   California. 

^F  Mr.  W.  P.  Russell.  Pomona  College,  CUremoiit,  California. 

^r  Mr.  George  W.  Spencer.  458  Ninth  street.  Oakland, 

H|t      The   secretary   reported   that   the   personal   property   of   the   society, 

^  jacluding  its  entire  library,  pielures,  furniture  and  archives,  contained 
in  its  rooms  in  the  California  Academy  of  Sciences  Building.  810 
.Market  street,  was  totally  destroyed  by  the  conflagration  of  April  i8th. 
igo6.  The  funds  of  the  society,  consisting  of  investments  aggregating 
5l5.9S9.54.  ai'c  all  intact,  as  well  as  a  supply  of  the  Publications,  stored 

^   at  the  Lick  Observatory. 

^H      The    following    resolutions    were    adopted : 

^H     Resolved,  that  the  Publicatiom  of  the  society  he  continued  as  usual. 

^i  Resolved,  thai  the  Publieation   No.   107  which   was   in  press  at  the 

time  of  the  fire,  be  reprinted. 

Resolved,  ilial  the  Publication  Commitice  be  allowed  to  expend 
iTOO  for  Publkalions  (including  No.  107,)  to  the  end  of  December, 
1906, 

Resolved  that  the  Finance  Committee  be  instructed  to  provide  the 
funds  necessary  to  meet  the  obligations  of  the  society,  by  drawing 
upon  such   funds  as  they  may   deem  advisable. 

Resolved  that  the  President  and  Library  Conmiillce  be  aulhoriied 
to  prepare  a  circular  regarding  the  loss  of  the  society's  library,  to  be 
sent  to  such  institutions  and  persons  as  they  may  select. 

Resohed,  that  a  meeting  of  the  society  be  held  at  the  Lick  Ob- 
servatory on  the  last   Saturday  of   September, 

Resolved,  that  the  invitation  extended  to  the  society  by  the  Presi- 
dent of  the  University  of  California,  to  make  the  Students'  Obsena- 
lory  at  Berkeley,  (he  temporary  headquarters  of  the  library  of  the  soci- 
ety, be  accepted,  and  the  grateful  thanks  of  the  Board  of  Directors 
'  6  returned  to   President   Wiieeleb   tnr  hi*  cmirtcou5  offer. 


F  returned  to 
Adjourned. 
nl-tes  of  t 
Paofic,  He 


;  -Meeting    of  the    AsTaoNowiCAL    Society  of    th 

AT  the  Students'    Observatory  at    Berkeley, 
r  S.\TL-RDAY,  June  9,  1906.  at  8  P.  M. 

called  to  order  by   President  Lel'scbner,  who  i 


s  of  the  evening.  Professor  F.  Omow  of  the  Im- 
perial University  of  Tokio,  Japan,  who  presented  a  paper  on  Observa- 
tions of  Distant  Earthquakes,  and  Professor  \.  C,  Lawson,  of  the 
University  of  California,  who  spoke  more  particularly  of  the  California 
Earthquake  of  April  i8th,  1906. 

After   the   conclusion   of   the   addresses,     the   observatory   buildings 
were  opened  for  the  inspection  of  members  and  vvsivots.  . 
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OrPZCEBS  OF  TKS  SOCZBTY. 

Mr    nu.?   J-^,"'''';?'''' President 

^l    A    7?   T>K^  "*'.**^"'^ First   Vlce-Presiaent 

^l    ^v    ?i''^/i^^^'^\ Second  Vice-President 

if 5'   S     ^    <^ampbell Third  Vice-President 

Mr.    R.    G.    Aitken  t  „ 

Mr.  F.  R.  Ziel ,\     Secretaries 

Mr.   P.  R.   Ziel         Treasurer 

Board  of  Directors— Messrs.  Aitken.  Babcock,  Burckhalter,  Campbell, 
Crocker,  rushing:.   Hale,   Leuschner.   Richardson.   Spreckels.   Ziel. 

Finance  rommittee — Messrs.  Cushing,  Crocker,  Richardson. 

Committee  on  Publication — Messrs.   Aitken.  Townley,  Newklrk. 

I.ibrar.v  Commit tei^ — Mr.  Von  Geldern.  Mr.  Richardson.  Mrs.  Schild. 

Committee  on  tht'  Comet-Medal — Messrs.  Campbell  (ex-offlcio).  Burck- 
halter, Perrlne. 


VOTZCS. 


The  attention  of  new  members  is  called  to  Article  VIII  of  the  By- 
Laws,  which  provides  that  the  annual  subscription,  paid  on  election, 
covers  the  <.«ah'n<lar  year  only.  Subsequent  annual  payments  are  due 
on  January  1st  of  each  succeeding  calendar  year.  This  rule  is  neces- 
sary in  order  lo  m:ike  our  book  keeping  as  simple  as  possible.  Dues 
sent  by  mail  should  be  directed  to  Astronomical  Society  of  the  Pacific, 
819   Market  StrovU.   San   Francisco. 

It  is  intended  that  each  member  of  the  Society  shall  receive  a  copy 
of  each  one  of  the  I*ublications  for  tlie  year  in  which  he  was  elected 
to  membership  and  for  all  subsequent  years.  If  there  have  been 
Uinfortunately)  any  omissions  in  tills  matter.  It  is  requested  that  the 
Secretaries  be  at  once  notified,  in  order  that  the  missing:  numbers  may 
be  supplied.  Members  are  requested  to  preserve  the  copies  of  the 
I'ubllcations  of  tlie  Society  as  sent  to  them.  Once  each  year  a  title- 
pfiKo  and  contents  of  tiie  preceding  numbers  will  also  be  sent  to  the 
moml>ers.  who  can  tlien  bind  the  numbers  together  Into  a  volume.  Com- 
plete volumes  for  past  years  will  also  be  supplied,  to  members  only, 
s«>  far  as  th«-  slo<  k  in  hand  is  sufiicient.  on  the  payment  of  two  dollars 
per  volumi'  to  eitlier  of  the  SeiTotaries.  Any  non-resident  member 
within  tlM'  rnite<l  St.ites  can  obtain  books  from  the  Society's  library 
by  s(Mi(iiim  liis  library  card  with  ten  cents  in  stamps  to  the  Secretary 
A.  S.  P..  si!»  Market  Street.  San  Francisco,  who  will  return  the  book 
and    the   <';ird. 

The  Coininittee  on  Publication  desires  to  sa.v  that  the  order  in 
which  papers  are  i»rint«'d  in  the  Publications  Is  decided  simply  by  con- 
venlt-nre.  In  a  K«'ii<rnl  way.  tliose  papers  are  printed  first  which  are 
earli'st  at'(epie«l  lor  publication.  Papers  Intend<'d  to  be  printetJ  in  a 
jiiveii  niiniln'r  nf  tlie  rubllcati«>iis  should  be  in  the  hands  of  the  Com- 
mit le.-  nnt  later  than  the  2uih  Of  the  month  preceding  date  of  publica- 
tion. It  is  not  p»)ssible  to  send  proof  sheets  of  papers  to  be  printed 
to  autlutrs  whose  residence  is  not  within  the  United  States.  Th"  re- 
sponsibility for  the  views  expr»'ssed  in  the  papers  printed,  and  for  the 
form  of  their  expression,  rests  with  tlie  writer.s,  and  is  not  assumed 
bv   the  S«M'iety    itself. 

The  titles  of  papers  for  reading  should  be  communlctaed  to  either 
of  the  Sfcretari«s  as  early  as  i»ossibl<\  as  well  as  any  changes  In  ad- 
dress.-s.  Th.'  S4M  r«'tary  in  San  Francisco  will  send  to  any  member 
of  th.'  So.iety  suitable  stationery.  stampe<l  with  the  seal  of  the  Society, 
at  <'ost  i»rire.  as  follows:  a  blo'ck  of  letter  paper.  40  cents:  of  Aote 
pao.r.  2r»  rents:  a  pa.ka^e  of  enveloi)es.  25  cents.  These  prices  In- 
clu<le  postal*',  and  should  be  remitted  by  money-order  or  In  U.  S. 
postajxe  stamps.       The  s.-ndlnRs  are   at   Ihe  risk  of   the  member. 

Those  in.'inb.Ms  who  propos.^  to  attend  the  meetings  at  Mount 
Haniilti»n  dnriiit;  the  summer  shouhl  communicate  with  "The  Secretary 
Astronomical  Sn.j.ty  .»f  the  Pacilic"  at  the  rooms  of  the  Society.  S19 
Market  Str.'.t.  San  I'rancisco.  in  order  that  arrangements  may  be  made 
for   transportation,    lodjiln^.   etc. 

IMHLICATK^XS    ISSCKI)    r,I-MONTHLY. 
(F.'lMuary.   April.  June.   .\uRust.  October,  December.) 


..  XVIII.      San  Fhancisco,  Califo»hia,  August  10,  1906. 


ON   SEISMIC  MOTION  AND  SOME  RELATIONS  OF 
EARTHQUAKES    TO    OTHER    PHENOMENA.' 


Earthquake. — An  earthquake  consists,  as  the  name  signi- 
fies, in  the  trembling  ot  the  ground,  and  may  be  defined  as 
vibrations  or  wave -movements  propagated  through  rocks 
and  soil,  the  motion  diminishing  with  the  increase  of  the 
distance  from  the  source  of  disturbance.  The  magnitude  or 
energy  of  an  earthquake,  taken  as  a  whole,  may  be  repre- 
sented by  the  area  within  which  the  motion  is  fell ;  while  the 
intensity  of  motion  at  a  given  place,  which  depends  on  the 
size  of  the  earthquake,  decreases  in  an  inverse  proportion  to 
the  distance.  Tiius,  according  to  the  depth  of  the  earthquake 
center,  there  may  be  large  disturbances  in  which  the  motion 
at  the  surface  is  not  extremely  violent,  as  well  as  small  ones, 
in  which  the  motion  is  quite  severe. 

Disturbance  of  Waters. — When  the  earthquake  motion  of 
inland  origin  is  large  and  violent,  the  waters  of  ponds,  rivers, 
or  lakes  are  more  or  less  disturbed.  So,  similarly,  a  great 
submarine  earthquake  is  often  followed  by  tidal  waves ;  the 
time  interval  between  the  occurrence  of  the  earthquake  shock 
and  the  arrival  of  the  sea-waves  depending  on  the  depth  of 
the  water  and  the  distance  of  the  origin  from  the  shore.  The 
tidal  waves  following  the  great  japan  earthquake  of  December 
23.  1854,  which  wrecked  the  Russian  frigate  "Diana,"  then  at 
anchor  in  the  harbor  of  Shimoda,  crossed  the  Pacific,  and 
were  recorded  by  the  tide-gauges  at  San  Francisco  and  other 
places  on  this  coast  of  America. 
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Tidal  waves,  which  are  not  to  be  noticed  on  the  high  sea, 
are  developed  most  markedly  on  indenting  bays  with  shallow 
waters.  Many  of  the  great  earthquakes  originating  off  the 
Pacific  coast  of  Alaska  and  Central  and  South  America  have 
been  accompanied  by  large  tidal  waves.  But  fortunately  this 
phenomenon,  which  sometimes  causes  more  damage  than  the 
earthquake  disturbance  itself,  has  so  far  not  been  very  active 
along  the  coast  of  the  United  States.  The  great  earthquake 
of  April  1 8th  last  produced  distinct  but  very  small  disturb- 
ances of  the  bay  waters,  which  were  clearly  recorded  by 
the  tide-gauge  at  the  Presidio.  An  examination  of  the  mari- 
grams  at  several  stations  on  the  Pacific  Coast  of  Japan  and 
different  places  in  India  has  shown  that  different  parts  of  sea- 
coast  have  their  proper  period  or  periods  of  waves, — ^that  is 
to  say,  each  particular  portion  of  seacoast  is  virtually  a  fluid 
pendulum  whose  boundaries  are  determined  by  the  form  of 
the  bottom  and  the  contour  of  the  shore-line.  Accordingly, 
the  wave  period  or  periods  at  a  given  coast  place  remain 
constant  in  all  the  tidal  waves,  irrespective  of  the  origin  or 
cause,  a  destructive  tidal  wave  consisting  simply  in  the  ampli- 
fication of  the  wave  motion  existing  more  or  less  at  all  times, 
in  consequence  of  a  strong  submarine  earthquake,  a  stonn,  or 
sonic  other  aj^ency.  A  seismic  tidal  wave  is  caused  by  the 
movements  communicated  from  the  sea-bottom  to  the  water 
mass,  a  very  large  wave  disturbance  taking  place  when  the 
earthquake  focus  is  at  the  sea-bottom  itself  or  at  a  very  small 
depth  below  it. 

Dependence  of  Earthquake  Motion  on  Nature  of  Ground. — 
As  an  earthquake  consists  in  the  vibration  of  the  ground,  and 
the  range  of  motion,  or  amplitude,  of  an  earth  particle  is 
greater  in  a  soft  than  in  a  hard  medium,  it  is  evident  that  the 
intensity  must  depend  much  on  the  nature  of  the  ground, 
often  differing  considerably  even  within  a  limited  area.  The 
seismic  damage  is  always  very  slight  on  hard,  rocky  ground, 
and  severest  on  soft,  incoherent  soil,  and  esi>ecially  on  newly 
made  ground.  From  this  fact  it  will  be  seen  at  once  that  the 
foundation-making  plays  a  most  important  part  in  the  earth- 
quake-proof construction  of  buildings  and  engineering  struc- 
tures. By  making  the  foundation  large  and  solid  we  approach 
the  condition  of  a  rocky  ground.  If  the  foundation  be,  on 
the  other  hand,  small  and  weak,  the  structure  resting  on  it 
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will  be  virtually  a  group  of  different  bodies  loosely  bound 
together,  and  will  be  thrown  into  large  inovemeuts,  causing  a 
mutual  destruction.  As  tlie  length  of  the  elastic  or  proper 
earthquake  waves  constituting  a  destructive  shock  must  be 
about  two  to  three  miles,  the  slight  curvature  into  which  the 
ground  surface  is  thrown  on  such  occasions  will  not  be  evident 
to  the  eye.  It  seems,  however,  that  in  a  soft,  marshy  soil  a 
violent  earthquake  sometimes  produces,  as  a  secondary  phe- 
nomenon, a  sort  of  semi-gravity  vibration  of  short  wave- 
lengths, say  about  twenty  or  thirty  yards.  The  latter  motion, 
which  will  be  visible  to  direct  observation,  and  which  may 
be  called  "visible  surface  motion,"  often  throws  the  ground 
into  remarkable  curved  forms  and  is  very  dangerous  to  struc- 
tures. But  injurious  effects  of  this  sort  can  be  entirely 
avoided  by  making  the  foundation  of  a  structure  sufficiently 
large  and  solid,  thereby  reflecting  back  the  disturbance  con- 
sisting of  short  wave-length  vibrations.  The  case  is  analogous 
to  the  effect  of  water-waves  on  bodies  floating  on  the  surface. 
Thus  a  small  fragment  of  wood  or  straw  behaves  as  if  it 
were  a  particle  of  the  water  and  moves  together  with  the 
small  ripples;  but  a  large  vessel  at  anchor  in  a  harbor  will 
not  be  affected  by  the  waves  on  account  of  its  mass  and  size. 

It  may  be  noted  that  high  ground  is,  except  sand-dunes, 
generally  hard,  and  therefore  gootl  as  the  site  for  buildings. 
But  a  steep  slope  or  the  vicinity  of  a  cliff  must  be  avoided,  as 
the  earthquake  motion  is  in  such  places  considerably  aug- 
mented, owing  to  the  absence  of  support  on  the  side. 

Tremors  and  Pulsatory  Oscillations. — We  are  accustomed  to 
regard  the  Earth  as  solid  and  firm.  But  it  is  a  great  mistake 
to  suppose  that  the  ground  is  at  rest  when  we  do  not  feei 
an  earthquake.  As  the  Earth's  crust  is  an  elastic  body,  we 
must  assume,  in  a  general  way,  that  it  is  always  making  some 
movements.  And  so  it  does  in  reality,  there  being  besides 
the  tilting  or  inclination  of  the  ground-level  three  principal 
sorts  of  vibratory  movements,  as  follows:  (i)  Tremors  of 
artificial  origin;  (2)  Small,  slow  motions,  called  pulsatory 
oscillations;  (^)  Earthquakes. 

Among  the  insensible  tremors  of  an  artificial  origin  I  may 
mention  those  due  to  the  working  of  dynamos,  steam-engines, 
steam-hammers,  etc.  The  motion  produced  by  such  causes 
is  extremely  small,  and  is  generally,  except  in  the  immediate 
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vicinity,  insensible.  It  is  transmitted,  however,  sometimes  to 
a  distance  of  half  a  mile  or  more,  and  sets  different  objects 
in  unstable  conditions,  so  to  speak,  spontaneously  in  motion. 
Thus  windows  and  doors  are  caused  to  rattle,  bottles  on  tables 
to  shake,  suspended  articles  to  swing,  etc.,  becoming  a  source 
of  mystery  to  people  in  the  neighborhood  and  even  giving 
rise  to  rumors  of  ghosts. 

Causes  of  Earthquakes, — The  ultimate  causes  of  great  earth- 
quakes are  probably  to  be  traced  to  the  cooling  and  contraction 
of  the  Earth,  and  in  some  degree  to  the  change  of  distribution 
of  the  matter  constituting  the  land  and  ocean-bottom.  The 
more  immediate  cause  of  such  earthquakes  is,  however,  fre- 
quently due  to  the  activity  of  mountain-making  forces  which 
produce  folding  or  fracturing  along  extended  zones;  and  any 
sudden  disturbance  in  the  Earth's  crust,  such  as  the  splitting 
asunder,  fracturing,  or  falling  down  of  subterranean  rock 
masses,  may  become  the  source  of  earthquake  motion.  Dif- 
ferent external  agencies  which  act  on  the  Earth,  and  many 
of  which  are  periodic,  may  be  regarded  as  secondary  causes 
of  earthquake.  Thus  it  will  be  seen  that  seismic  phenomena, 
which  are  themselves  periodic  in  nature,  must  have  certain 
time  and  space  relations. 

After-Shocks. — Numerous  small  shocks  invariably  follow  a 
great  earthquake.  When  the  latter  is  violent  and  destructive 
the  number  of  these  after-shocks  may  amount  to  hundreds,  or 
even  thousands,  and  continue  for  several  months  or  several 
years.  The  occurrence  of  after-shocks  is  quite  natural  and 
necessary  for  the  settling  down  into  stable  condition  of  the 
disturbed  tract  at  or  near  the  origin  of  the  initial  earthquake. 
Now,  the  mean  time  variation  of  after-shocks  follows  a  verv 
simple  law,  and  analytically  may  be  represented  by  means  of 
a  rectangular  hyperbola.  In  the  case  of  the  great  Japanese 
earthquakes  of  1891,  I  calculated  an  empirical  formula  from 
the  number  of  after-shocks  observed  during  the  first  five 
days  after  the  initial  disturbance,  and  was  enabled  thereby 
to  predict  the  general  course  of  subsequent  phenomena,  such 
as  the  number  of  years  during  which  these  shocks  should 
continue  to  happen,  the  total  number  of  after-shocks  from 
beginning  to  end,  or  the  number  of  after-shocks  during  a 
certain  year.  Similar  calculations  have  been  made,  with 
equally  satisfactory  results,  for  the  after-shocks  of  other  recent 
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Japanese  earthquakes.  Examples  like  these  show  that  earth- 
quake phenomena,  though  apparently  mysterious,  are  not 
always  so  very  complicated  and  arbitrary.  In  the  case  of  the 
California  earthquake  of  April  i8th  last,  the  after-shocks  seem 
to  be  comparatively  very  few  for  some  reason  or  other.  These 
minor  shakings,  which  will  continue  to  happen  at  intervals  for 
a  few  years  to  come,  are  of  course  harmless  in  nature. 

Time  relations  of  earthquakes  may  be  distinguished  as  peri- 
odic and  semi -per  iodic.  Among  the  latter  class  may  be 
included  destructive  earthquakes  which  tend  to  occur  in 
groups, — that  is  to  say.  to  happen  in  different  regions  of  a 
given  earthquake  zone  in  the  course  of  a  few  years.  Then 
there  follows  a  period  of  rest,  after  which  the  seismic  activity 
again  commences. 

The  most  well-marked  among  the  periodic  seismic  variations 
are  those  relating  to  the  position  of  the  Sun  and  the  Moon. 
Thus  there  are  annual  variations  in  the  number  of  earth- 
quakes,— namely,  earthquakes  occur  more  frequently  in  certain 
months  of  the  year  than  at  others.  So  again  there  are  more 
earthquakes  during  certain  hours  of  the  day  than  during 
others.  The  direct  principal  cause  for  these  variations  is, 
however,  not  the  attraction  of  the  Sun,  but  the  changes  in 
the  pressure  of  the  atmosphere.  This  is  in  reality  the  con- 
nection between  the  weather  and  earthquakes,  although  the 
so-called  "earthquake  weather,"  or  a  warm  or  moist  day,  is 
by  no  means  a  sure  precursor  of  tremblings  of  the  ground. 
On  the  contrary,  the  high  barometric  pressure  corresponding 
to  fair  weather  seems  to  bring  more  earthquakes  when  the 
latter  are  not  of  a  submarine  origin.  Again,  the  study  of 
after-shocks  has  shown  clearly  the  existence  of  other  periods 
whose  lengths  are  respectively  twelve,  eight,  six,  and  four 
hours,  and  also  those  whose  periods  are  four  or  five  days, 
eight  or  nine  days,  twelve  days.  etc. 

With  resi)ect  to  the  lunar  influence,  there  are  certain  rela- 
tive positions  of  tlie  Earth  and  the  Moon  at  which  more  earth- 
quakes take  place  than  at  other  positions.  This  effect  is  again 
not  due  to  the  direct  attraction  of  the  Moon,  but  to  the  varia- 
tion of  the  weight  of  water  in  the  tidal  movements.  The 
annual,  diurnal,  lunar,  and  some  other  relations  of  earthquakes 
must  be  treated  separately  for  each  given  district  so  as  to 
bring  out  the  local  peculiarity. 
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The  attraction  of  the  planets  on  the  Earth  will  have  no 
appreciable  effect  on  earthquake  phenomena. 

Latitude  Variation, — ^Apart  from  the  earthquake  movements, 
pulsatory  oscillations,  and  slight  changes  in  the  ground-level, 
the  axis  of  rotation  of  the  Earth  is  continuously  shifting  its 
position  through  a  very  small  angle,  giving  rise  to  the  varia- 
tion of  latitude.  Professor  Milne  and  the  late  Dr.  Cancain 
were  the  first  to  examine  the  relations  between  this  phenom- 
enon and  great  earthuakes,  the  conclusion  reached  being  that 
a  greater  number  of  the  latter  occurred  in  those  years  in 
which  the  variation  of  latitude  was  greatest.  From  an  exami- 
nation of  the  mean  monthly  values  of  the  latitude  of  Tokyo,  I 
have  found  that  all  the  destructive  earthquakes  of  recent  years 
in  Japan  occurred  exactly  or  very  nearly  when  the  latitude 
was  at  a  maximum  or  minimum. 

Magnetic  Disturbances. — As  the  magnetic  property  of  rocks 
and  metals  varies  with  the  strains  to  which  they  are  subjected, 
a  great  earthquake,  which  means  the  removal  of  an  enormous 
stress  in  the  Earth's  crust,  may  be  supposed  to  be  preceded 
or  accompanied  by  some  disturbances  in  the  terrestrial  mag- 
netism, at  least  when  the  depth  of  the  seismic  origin  is  small. 
The  relation  in  question  has  not  yet  been  satisfactorily  investi- 
gated, but  in  some  cases  the  terrestrial  magnetism  which  had 
been  quiet  for  a  long  time  became  markedly  disturbed  a  few 
days  before  a  large  earthquake.  In  this  connection,  it  is 
interesting  to  note  that  the  great  eruption  in  Martinique  was 
accompanied  by  a  Avell-defined  magnetic  disturbance. 

Geographical  Distribution  of  Earthquakes. — In  the  first 
place,  a  country  or  district  which  has  many  volcanoes  is  one 
where  the  Earth's  crust  is  weak,  and  consequently  is  often 
disturbed  by  underground  convulsions  or  earthquakes.  It  does 
not  follow,  however,  that  earthquakes  are  most  frequent 
around  a  volcano.  On  the  contrary,  the  immediate  vicinity  of 
a  great  active  volcano  is  sometimes  free  from  very  violent 
seismic  disturbances.  Broadly  speaking,  strong  or  extensive 
earthquakes  most  frequently  happen  along  the  region  adjacent 
to  the  steep  sides  of  a  great  mountain  range  or  of  a  series 
of  islands.  The  variation  of  gravity  in  an  earthquake  country 
may  also  have  somcthinp^  to  do  with  earthquake  geography, 
and  there  are  cases  in  which  destructive  shocks  have  occurred 
in  the  district  of  a  minimum  «zTavity  force. 
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Future  studies  in  various  phenomena  connected  with  the 
movements  of  the  Earth's  crust  may  perhaps  tend  to  advance 
our  knowledge  respecting  the  problem  of  the  prediction  of 
great  earthquakes  which  are  often  preceded  by  what  may  be 
called  "fore-shocks."  In  the  mean  time  and  always  it  will  be 
necessary  to  build  houses  and  other  structures  strong  enough 
to  resist  earthquake  shocks. 

San  pRANasco,  June  26,  1906. 


THE  LATITUDE  OF  UKIAH  BEFORE  AND  AFTER 

APRIL  18,  1906. 


By  Sidney  D.  Townley. 


After  investigation  had  shown  that  the  earthquake  of  April 
i8th  was  caused  by  horizontal  shearing  along  a  geological 
fault  running  in  nearly  a  straight  line  from  the  vicinity 
of  San  Juan,  in  San  Benito  County,  to  near  Point  Arena, 
in  Mendocino  County,  and  that  relative  displacements  along 
the  line  of  fault  had  been  found,  amounting,  in  one  instance 
at  least,  to  as  much  as  twenty  feet,  the  question  nat- 
urally arose,  Have  the  latitudes  and  longitudes  of  places  near 
the  fault-line  been  disturbed  in  a  measurable  degree? 

The  International  Latitude  Observ-atorv  at  Ukiah,  where 
continuous  observations  for  the  variation  of  latitude  are  made 
by  the  writer  for  the  International  Geodetic  Association  and 
under  the  superintendence  of  the  United  States  Coast  and 
Geodetic  Survey,  is  situated  about  twenty-six  miles  to  the 
east-northeast  of  the  point  where  the  fault-line  enters  the 
Pacific  Ocean  near  Point  Arena.  That  a  displacement  of  a 
measurable  amount  could  have  taken  place  at  that  distance 
from  the  fault-line  seemed  highly  improbable,  but  an  approx- 
imate reduction  of  all  the  observations  for  latitude  made  on 
April  i6th,  17th,  iSth,  and  19th  showed  an  apparent  displace- 
ment of  three  feet  to  the  south.  On  account  of  the  small 
number  of  observations  involved  and  the  approximate  nature 
of  the  reductions,  this  apparent  shift  could  not  be  looked  upon 
as  certainly  real. 

As  these  computations  did  not  settle  the  matter  owe,  w^^j 
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or  the  other,  it  seemed  desirable  to  make  further  computations, 
and  consequently  all  of  the  observations  for  latitude,  233  in 
number,  obtained  between  April  4th  and  May  4th,  both  inclu- 
sive, have  been  definitively  reduced,  and  the  results  are  pre- 
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sented  in  Table  I,  which  gives  the  individual  values  of  the 
latitude  — 3y°  8'  10".  All  corrections.  level,  differential 
refraction,  curvature  of  the  parallel,  and  progressive  errors 
of  the  micrometer-screw  have  been  taken  into  account,  and 
the  observations  were  reduced  by  means  of  the  declinations 
furnished  by  the  Internationa!  Geodetic  Association, 

A  cursory  inspection  of  the  results  given  in  Table  I  shows 
that  the  values,  especially  for  certain  pairs,  are  affected  by 
errors  of  declination  of  considerable  magnitude,  and  unless 
steps  are  taken  to  eliminate  these  errors  the  quantity  sought 
may  be  completely  masked  by  them.  All  of  the  obser\-ation5 
for  the  variation  of  latitude  obtained  from  the  time  work  began 
in  1899  to  the  end  of  1905  were  made  upon  the  same  pairs 
of  stars,  and  the  observations  have  been  reduced  with  declina- 
tions rendered  homogeneous  by  a  system  of  corrections  derived 
from  the  observations  made  during  the  first  two  years  of  this 
time.  At  the  beginning  of  1906,  however,  thirty  out  of  the 
total  of  ninety-six  pairs  were  replaced  by  new  ones,  and  of 
course  a  system  of  homogeneous  declinations  has  not  yet  been 
obtained.  It  will  probably  be  well  along  in  the  year  igo8 
before  this  can  be  gotten. 

It  is  obvious  from  these  considerations  that  a  discussion  of 
the  results  presented  in  Table  I  is  beset  with  difficulties, 
although  these  are  not  entirely  insurmountable.  Four  different 
methods  have  been  used  in  combining  the  results,  and  these 
are  presented  under  the  following  heads:— 

I.  The  simplest  and  most  obvious  way  of  eliminating  the 
errors  of  declination  is  to  consider  only  those  pairs  which 
were  observed  both  before  and  after  April  i8th.  Group  VIT, 
pairs  49  to  56.  was  observed  on  nine  dates  preceding  and 
six  dates  following  April  18th.  and  the  simple  means  give 
the  following  results  for  the  latitude  of  the  zenith  telescope : 

»  1906,  April  1 1  39°  8'  12"  .070  ±o".oi2  72  pairs 
1906,  April  26  39  8  12  .066  ±0  .019  48  pairs 
If  we  take  these  results  only  to  hundredths  of  a  second, 
which  is  perhaps  all  we  are  warranted  in  carrying,  it  is  seen 
that  they  are  exactly  the  same.  The  probable  error  of  a  single 
determination  of  the  latitude  in  the  first  series  is  o".i03,  in 
the  second  o".i3t.  The  first  of  these  is  about  normal,  and 
the  largeness  of  the  second  may  be  due  to  the  fact  that  smsift. 
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there  are  only  six  observations  of  each  pair  in  this  series,  Ac 
computed  error  is  itself  somewhat  uncertain.  It  will  be 
noticed  that  the  residuals  for  pair  50  are  abnormally  large, 
which  is  due  in  all  probability  to  the  fact  that  the  first  star 
of  this  pair  is  of  the  4.5  magnitude  and  two  magnitudes 
brighter  than  the  second  star  of  the  pair.  With  the  instrument 
employed,  it  is  extremely  difficult,  especially  when  the  seeing 
is  not  first-class,  to  make  accurate  settings  upon  stars  brighter 
than  the  fifth  magnitude. 

II.  If  we  consider  only  the  twenty-six  observations  made 
upon  April  i6th  and  17th  and  the  observations  of  the  same 
pairs  on  April  i8th  and  19th,  in  which  case  consideration  of 
the  known  variation  of  the  latitude  may  be  neglected,  we 
have : — • 

1906,  April   16.5        39°  8'  I2''.076        26  pairs 
1906,   April    18.5         39    8    12  .084        26  pairs 

Here  again  the  results  are  identical  if  taken  only  to  hun- 
dredths of  a  second.  On  account  of  the  errors  of  declination 
involved,  it  is  not  possible  in  this  case  to  compute  probable 
errors. 

III.  Pairs  42,  45,  46,  48,  52,  56,  59,  and  60  are  new  ones, 
introduced  at  the  beginning  of  1906.  If  we  leave  them  out 
of  consideration,   the   resulting  means   from  the   other  pairs 

^^^'       1906,  April  II         39°  8'  I2".039        90  pairs 
1906,  April  26         39     8     12  .050         71  pairs 

This  result,  in  almost  exact  agreement  with  that  obtained 
under  II,  is  obviously  open  to  the  criticism  that  although  the 
declinations  of  the  pairs  used  in  forming  the  means  belong 
to  a  homogeneous  system,  yet  they  form  only  a  part  of  that 
system,  and  if  wc  could  include  the  other  pairs  of  the  system 
the  result  might  be  changed  in  some  slight  degree. 

IV.  The  three*  methods  thus  far  employed  are  all  open  to 
the  fundamental  objection  that  they  do  not  utilize  all  of  the 
material  at  hand.  In  order  to  do  this  a  svstem  of  corrections 
to  the  declinations,  or  to  the  values  of  J^  (Sn  +  S,),  must 
be  computed,  and  for  this  purpose  the  following  methods 
were  employed. 

(a)  On  each  night  that  a  complete  set  of  latitude  observa- 
tions was  obtained  the  mean  of  the  sixteen  individual  values 
was  taken. 
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(b)  With  these  means  the  residuals  were  formed  for  the 
dividual  observations.  These  residuals  are  made  up  of  two 
irts,  the  accidental  errors  of  observation  and  the  errors  of 
rclination  referred  to  a  mean  declination  system  of  the  two 
•cups  involved. 

(c)  The  residuals  for  each  pair  ^were  collected  and  the 
eans  taken  in  order  to  eliminate  the  accidental  errors,  and 
e  results  are  then  the  corrections  to  J4  (8n  +  Ss). 

(d)  By  this  process  two  series  of  corrections  to  J^  (8n  +  K) 
>r  the  pairs  of  Group  VII  were  obtained, — first,  the  cor- 
ctions  referred  to  the  mean-declination  system  of  the  group 
mnection  VI-VII,  and,  second,  the  corrections  referre'd  to 
le  mean-declination  system  of  the  group  connection  VII- 
III.  These  corrections  were  found  to  differ  appreciatively, 
id  in  order  to  bring  them  into  one  homogeneous  system  all 
:  the  corrections  for  the  pairs  in  series  VI-VII  were 
langed  by  — o".020  and  all  of  those  in  series  VII-VIII  by 

o".024,  thus  making  the  two  series  of  corrections  to  the 
lirs  of  Group  VII  fulfill  the  condition  that  the  algebraic 
ims  of  these  corrections  should  be  equal.  The  weighted 
eans  of  the  individual  values  of  the  corrections  in  these 
ro  series  were  then  taken  as  the  final  corrections  to  the 
lirs  of  Group  VII.  The  following  table  of  corrections  was 
us  found: — 

Table  II. 

41  42  43  44  45  46  47  48 

-o^oig    +o".39o    +o".246   —  o".05o   +  o".i  83   —  o".23o    +0^014   —0^780 

.       49  50  51  52  53  54  55  56 

-©".oo;    +o".o23   —  o".o83    -h  o".386  —  o".o59   —  o''.o36    +  o".054   —  0^373 

57  58  59  60  61  62  63  64 

-o".oi8    +o".o67   — o".283    +  o".372   -h  o".i62    +o".i5i    — o^.m    +  o^i6i 

(e)  Applying  the  corrections  of  Table  II  to  the  results 
ven  in  Table  I  we  have,  taking  the  means  before  and  after 
pril  i8th:— 

1906,  April  II         39°  8'  i2''.05i         138  pairs 
1906,  April  26        39    8    12  .068  95  pairs 

The  method  of  procedure  outlined  above  is  to  a  certain 
:tent  empirical,  and,  especially  on  account  of  the  small 
nount  of  data  involved,  it  is  admittedly  open  to  certain 
iticisms.  That  the  result  obtained  is  in  practical  agreement 
ith  those  given  by   the  three   preceding  methods  must  b^ 
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considered,  at  least  to  a  certain  extent,  as  fortuitous.  No 
entirely  satisfactory  discussion  of  the  results  presented  in 
Table  I  can  be  made  until  a  homogeneous  system  of  declina- 
tion corrections  has  been  obtained,  and  sufficient  material 
from  which  to  form  such  a  system  will  not  be  at  hand  for  at 
least  two  years. 

In  considering  the  results  obtained  under  I,  III,  and  IV 
we  must  take  account  of  the  known  variation  of  the  latitude. 
The  earthquake  came  about  seven  weeks  after  a  minimum  of 
the  latitude  at  Ukiah,  and  from  the  normal  curve  for  the 
variation  of  latitude   we  find  that  at   seven   weeks  after  a 

« 

minimum  the  latitude  should  be  increasing  at  the  rate  of  about 
o".02  in  half  a  month. 

Collecting  the  results  we  have: — 

Observed  variation.      Compated  variation.  O  —  C 


I 

—  o".oo 

+  0".02 

—  0".02 

II 

+  0  .01 

+  0  .00 

+  0  .01 

III 

+  0  .01 

+  0  .02 

—  0  .01 

IV 

+  0  .02 

+  0  .02 

0  .00 

Mean, 

—  o".oo5 

If  real,  this  would  show  a  shifting  of  the  observatory'  one 
half  foot  to  the  south.  An  inspection  of  the  probable  errors 
given  under  I  shows,  however,  that  this  result  is  less  than  the 
probable  errors  of  the  quantities  from  which  it  is  detennined. 

The  computations  show,  and  I  think  conclusively,  that  there 
was  on  April  i8th  no  shifting  of  the  Earth's  crust  at  Ukiah, 
at  least  none  of  sufficient  magnitude  to  be  certainly  differen- 
tiated from  the  accidental  errors  of  observation  in  the  most 
refined  method  which  we  have  for  the  determination  of  lati- 
tude. A  shifting  of  four  feet,  and  probably  of  three,  would 
certainly  have  been  revealed  by  the  observations. 

July  6,  1906. 
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PLANETARY  PHENOMENA  FOR  SEPTEMBER  AND 
OCTOBER.   1906. 


Full    Moon.    .Sept,  2,    aSaemp-M. 

Full    Moon... 

.Oct.  2.  411 48"  A.M. 

Last  Quaner.    "    10,  12  54    p.m. 

Last    Quarter, 

,   ■'  10,  7   3Q    A,M. 

New   Moon.,,     "     18.    4    33    a.m. 

New    Moon,., 

,    "   17.  2    43       P.M. 

First  Quarter    "    24.  10    11    pu. 

First  Quarter, 

.  *■  24,  5   SO     A.M, 

Full    Moon,.. 

.    ■■  31,  8    46      P.M. 

The  Sun  crosses  the  equator  from  north  to  south  and 
autumn  begins  September  23,  about  j  p.  m.,  Pacific  time. 

Mercury  on  September  ist  is  a  morning  star,  rising  a  little 
more  than  an  hour  and  one  half  before  sunrise.  It  passed 
greatest  west  elongation  ( 18°  12')  on  September  2gth,  and 
soon  begins  to  approach  the  Sun  quite  rapidly.  It  can  be 
seen  quite  well  for  the  first  few  days  of  the  month,  but  the 
period  of  visibility  is  short.  The  greatest  elongation  is  smaller 
than  the  average,  as  the  planet  passes  its  perihelion  point  on 
September  4th.  Mercury  reaches  superior  conjunction  with 
the  Sun  on  September  24th  and  becomes  an  evening  star.  This 
condition  lasts  until  the  end  of  November,  but  the  planet's 
position  south  of  the  Sun  makes  the  interval  between  the 
setting  of  the  Sun  and  of  the  planet  increase  very  slowly,  and 
it  will  not  be  as  great  as  one  hour  until  after  the  end  of 
October.  A  very  close  conjunction  with  Mars  occurs  on  Sep- 
tember 4th,  while  Mercury  is  in  fine  position  for  early-morning 
observation.  The  nearest  approach  of  the  planets  is  9',  less 
than  one  third  of  the  diameter  of  the  Moon,  but  both  are  below 
the  horizon  for  all  parts  of  the  United  States  at  this  time. 
However,  they  will  be  seen  quite  close  together  on  the  morn- 
ings of  September  4th  and  5th. 

Venus  is  an  evening  star,  and  throughout  the  two  months 
sets  rather  less  than  two  hours  after  sunset,  the  interval 
remaining  almost  constantly  i''  41""  until  after  the  middle  of 
October.  It  then  begins  to  shorten,  and  by  the  end  of  the 
month  is  less  than  an  hour  and  one  half.  Venus  reaches  its 
greatest  east  elongation  from  the  Sun  on  September  20th.  its 
distance  then  being  46°  39',  It  passed  its  aphelion  on  Sep- 
tember 17th,  but  the  orbit  of  the  planet  is  so  nearly  circular 
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that  there  is  very  little  difference  between  greatest  elongations, 
the  varying  distance  of  the  Earth  from  the  Sun  at  the  times 
of  greatest  elongation  having  more  influence  than  the  position 
of  the  planet  in  its  own  orbit.  The  planet  soon  begins  to 
approach  the  Sun  quite  rapidly,  and  by  the  end  of  October 
the  distance  is  only  36°.  .  Venus  has  now  reached  the  part  of 
its  orbit  where  it  is  nearer  to  the  Earth  than  to  the  Sun,  and 
shows  a  crescent  shape  in  the  telescope.  Its  diminishing  dis- 
tance causes  a  great  increase  in  brightness,  and  this  lasts  until 
the  time  when  the  planet  is  about  halfway  between  greatest 
elongation  and  inferior  conjunction.  This  occurs  on  October 
25th.  After  that  the  narrowing  of  the  crescent  as  the  planet 
nears  the  Sun  causes  some  diminution  in  brightness,  although 
the  distance  keeps  on  diminishing  until  conjunction.  The 
planet  will  be  visible  to  the  naked  eye  in  full  sunlight  for  a 
fortnight  or  so  before  and  after  the  time  of  greatest  brightness. 

Mars  is  a  morning  star,  rising  a  little  more  than  an  hour 
before  suniise  on  September  ist,  and  this  interval  increases 
about  an  hour  each  month,  so  that  by  the  end  of  October  it 
rises  at  about  3 130  a.m.  It  moves  during  the  two  months  36® 
eastward  and  14°  southward  from  Leo  into  Virgo,  On  Sep- 
tember 9th  it  passes  less  than  1°  north  of  the  first-magnitude 
star  ReguiuSy  a  Lconis^  Mars  reaches  its  aphelion  on  October 
17th.  It  will  then  be  about  one  hundred  and  fifty-five  millions 
of  miles  distant  from  the  Sun,  and  about  two  hundred  and 
twenty-six  millions  distant  from  the  Earth,  a  gain  of  about 
twenty  millions  from  the  greatest  distance;  and  there  will 
be  in  consequence  a  gain  of  nearly  twenty  per  cent  in  bright- 
ness, a  perceptible  increase,  but  it  will  still  not  be  as  bright 
as  a  first-magnitude  star. 

Jupiter  rises  a  little  after  midnight  on  September  ist,  and 
shortly  before  9  p.m.  on  October  31st.  It  is  in  the  constella- 
tion Gemini  and  moves  about  5°  eastward  during  the  two 
months. 

Saturn  comes  to  opposition  with  the  Sun  and  remains  above 
the  horizon  during  the  entire  night  on  September  4th.  By 
the  end  of  October  it  sets  at  about  3:30  a.m.  It  is  in  the 
extreme  eastern  part  of  Aquarius,  and  moves  about  3°  west- 
ward and  southward  during  the  two  months.  The  apparent 
minor  axis  of  the  rings  as  seen  in  the  telescope  is  about  twice 
as  great  as  it  was  during  June. 
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Uranus  is  in  the  western  sky  in  the  evening.  On  September 
1st  it  sets  shortly  after  midnight,  and  on  October  31st  shortly 
after  8  p.m.  Its  motion  is  only  about  1°  during  the  two 
months,  at  first  westward  and  then  eastward,  and  it  remains 
about  2°  north  of  the  third-magnitude  star  kSagittarii,  the 
star  in  the  end  of  the  handle  of  '*the  milk-dipper." 

Neptune  rises  at  about  i  a.m.  on  September  ist,  and  at 
about  9  P.M.  on  October  31st.  It  is  moving  slowly  eastward 
in  the  constellation  Gemini. 


> 

4 


NOTES    FROM    PACIFIC    COAST   OBSERVATORIES. 


Note  on  the  Level  of  Sun-Spots. 

A  few  years  ago  there  was  an  animated  discussion  on  the 
level  of  sun-spots,  which  did  not  result  in  any  satisfactory 
conclusion.  While  visual  and  photographic  observations,  on 
the  whole,  seemed  to  favor  the  traditional  view  that  spots 
are  depressions  in  the  photosphere,  measurements  of  the 
intensity  of  their  radiation  led  to  the  opinion  that  they  might 
be  elevated  regions.  For  at  increasing  distances  from  the 
center  of  the  Sun  the  total  radiation  of  spots  was  observoJ 
to  decrease  less  rapidly  than  that  of  the  adjoining  photosphere^ 
It  was  therefore  supposed  that  the  spots  must  be  raised  abova 
the  denser  part  of  that  absorbing  straliun  which  reduces  the 
brightness  of  the  photosphere  at  the  limb. 

Recent  observations  on  Mt.  Wilson,  made  for  the  most  partf 
by  Mr.  Abbot  with  the  bolometer,  have  shown  that  the  radift- 
tion  of  sun-spots,  as  compared  with  tliat  of  the  photosphe 
is  relatively  much  richer  in  the  less  refrangible  rays.  In  other 
words,  the  sun-spots  would  show  with  but  little  contrast  i 
monochromatic  red  image  of  the  Sun,  while  they  would  appeal 
very  dark  m  a  violet  image.  This  result  is  confimied  by  out 
photographs  of  spot  siiectra,  which  require  a  relatively  largef 
exposure  to  bring  out  the  umbra  in  the  violet  tlian  in  the  r 
There  is  thus  no  doubt  that  spots  are  relatively  richer  t 
the  photosphere  in  red  rays. 

The  knowledge  of  this  fact  reduces  and  probably  i 
pletely  removes  the  difficulty  encountered  in  the  discusstoo 
mentioned  above.  As  the  absorption  at  the  Sun's  limb  i 
known  to  be  much  more  marked  for  the  short  waves  than  fai 
the  long  ones,  it  is  evident  that  the  light  of  spots  will  suffer 
less  from  absorption  than  the  light  of  the  photosphere.  Then 
is  consequently  no  necessity  of  assuming,  at  least  on  thes 
grounds,  that  the  level  of  spots  is  higher  than  that  of  the 
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photosphere.    It  is  hoped  that  a  quantitative  study  of  the  ques- 
Hon  may  soon  be  made.  George  E.  Hale. 

New  Companions  to  Two  Struve  Stars. 

Examination  with  the  36-inch  telescope  has  recently  shown 
that  the  principal  component  in  each  of  the  two  well-known 
double  stars,  2  1729  and  S  2668,  is  itself  a  close  unequal  pair. 
My  measures  of  the  old  and  new  companions  are  as  follows : — 

2  1729. 
A  and  B   (New). 

AigahuAn. 

3" 


Date. 

Angle.                   Dist. 

Magnitudet. 

1906.50 

120°  .8        o".29 
A  B  and  C. 

8.9-10.3 

1906.47 

274°. 8        8^.46 
22668. 

8.8-1 1. 0 

A  and  B  (New). 

1906.54 

1 11°. 5         0".26 
A  B  and  C. 

7.0-9.0 

1906.54 

286°. 3        3".26 

6.8-9.0 

11 


4r 


2" 


2" 


Struv^*s  measure  of  the  latter  pair  is,  1831.14  ^93^.6 
3".30.  perhaps  indicating  very  slow  motion.  2  1729  has 
shown  no  motion  whatever  in  the  seventy-five  years  since  its 
discovery.  r  q   Aitken. 

July  21,  1906. 

A  Road  to  Mt.  Wilson. 

On  the  occasion  of  President  Woodward's  recent  visit  to 
the  Solar  Observatory,  it  was  decided  to  widen  the  "New 
Trail,"  which  ascends  from  the  foot  of  Eaton  Caiion,  into  a 
road  suitable  for  the  transportation  of  the  heavy  castings  of 
the  5-foot  reflector  mounting.  President  Woodward  recom- 
mended that  Mr.  Godfrey  Sykes,  superintendent  of  construc- 
tion at  the  Desert  Botanical  Laboratory  of  the  Carnegie  Insti- 
tution, be  placed  in  immediate  charge  of  the  work,  on  account 
of  his  skill  as  an  engineer  and  his  experience  in  the  building 
of  trails  in  Arizona.  This  was  rendered  possible  through  the 
courtesy  of  Director  MacDougai-,  of  the  Botanical  Labora- 
tory, who  arranged  to  give  Mr.  Sykes  a  leave  of  absence. 
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Work  has  been  commenced,  and  will  be  pushed  forward  as 
rapidly  as  possible,  in  the  hope  that  the  structural  steel  for 
the  building  which  is  to  contain  the  5-foot  reflector  may  be 
sent  up  the  mountain  in  May,  1907. 

The  width  of  the  road,  which  is  determined  by  the  size 
of  the  large  castings  to  be  transported,  will  average  about 
eight  feet,  widening  to  ten  feet  or  more  on  the  turns.  The 
automobile  truck,  on  which  the  materials  for  the  building 
and  telescope  will  be  carried,  has  been  ordered  from  the 
Couple-Gear  Freight-Wheel  Company,  of  Grand  Rapids.  It 
has  been  specially  designed  for  the  purpose,  as  the  lo-foot 
worm-gear  and  other  large  and  cumbersome  parts  of  the 
mounting  (some  of  them  weighing  five  tons  each)  could  not 
be  carried  on  the  standard  truck.  The  motive  power  will  be 
a  gasoline  engine  of  about  forty  horse-power,  driving  a  large 
direct-current  dynamo.  The  dynamo  will  supply  current  to 
four  motors  mounted  within  the  four  wheels  of  the  tntck. 
This  truck,  which  is  capable  of  turning  within  a  very  small 
circle,  has  been  tested  by  Professor  Ritchey  and  found  to  be 
remarkably  well  adapted  for  our  purpose.  It  can  be  steered 
equally  well  from  either  end,  thus  permitting  it  to  be  reversed, 
if  necessary,  at  sharp  re-entrant  turns. 

As  soon  as  completed,  the  truck  will  be  used  in  the  construc- 
tion work  on  the  trail.  For  this  purpose  it  will  carry  an  air- 
compressor  of  sufficient  capacity  to  supply  several  rock-drills. 
The  compressor  will  be  driven  by  the  gasoline  engine  of  the 
truck,  and  will  greatly  reduce  the  cost  of  the  rockwork. 

George  E.  Hale. 

Note  on  the  Variable  Radial  Velocity  and  the  Period 

OF  SU  Cygnl 

Preliminary  measures  of  ten  spectrograms  of  SU  Cygni, 
taken  with  the  one-prism  spectrograph  during  June  and  July, 
1906,  show  a  variation  of  about  forty  kilometers  per  second 
in  its  radial  velocity,  and  prove  its  binary  character. 

The  velocity  and  light  variation  seem  to  have  the  same 
period,  the  phases  of  the  former  following  those  of  the  latter 
by  about  half  a  day. 

Photometric  measures  of  the  star  on  seven  nights  in  June 
and  July  of  this  year  indicate  that  its  maxima  now  precede  the 
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times  computed  from  Luizet's  elements^  by  about  0.4  days. 
The  period  is  therefore  about  3.8455  days. 

July  30,  1906.  James  D.  Maddrill. 

Appointments  to  Lick  Observatory  Staff. 

Dr.  Burt  L.  New  kirk.  Instructor  in  Mathematics,  Uni- 
versity of  California,  has  been  appointed  Assistant  in  the  Lick 
Observatory  on  the  Carnegie  Institution  Foundation,  with  prin- 
cipal duties  in  the  measurement  of  spectrograms  for  deter- 
mining the  radial  velocities  of  stars. 

Mr.  E.  A.  Fath,  recently  Assistant  in  the  Observatory  of 
the  University  of  Illinois,  has  been  appointed  Fellow  in  the 
Lick  Observatory. 

Mr.  G.  B.  Blair,  recently  Assistant  in  the  Allegheny  Observ- 
atory, has  been  appointed  Fellow  in  the  Lick  Observatory. 

Mt.  Hamilton,  July  31,  1906.  W.  W.  Campbell. 

^  A.  N.,  Vol.  149,  316.  1899. 


GENERAL    NOTES. 


The  Astronomischc  Nachrichten,  No.  4101,  contains  a  plan 
for  a  Durchmusterung  of  variable  stars  proposed  by  Professor 
Solon  I.  Bailey  and  presented  by  Professor  E.  C.  Pickering. 
The  plan  involves  the  examination  of  all  stars  of  the  sixteenth  * 
magnitude  or  brighter  (estimated  at  fifty  millions  in  number). 
The  instrumental  equipment  suggested  involves  only  an  eight- 
inch  photographic  telescope  of  the  doublet  type,  with  the 
possible  addition  of  a  stereocomparator  to  aid  in  the  com- 
parison of  plates.  It  is  contemplated  that  amateurs  and 
.  observatories  of  modest  instrumental  equipment  should  take 
a  prominent  part  in  this  work,  which  would  occupy  the  atten- 
tion of  variable-star  observers  for  a  generation. 

The  plan  is  simply  to  make  several  photographs  of  a  par- 
ticular region  of  the  sky  at  intervals  covering  a  period  of 
several  months,  and,  by  a  comparison  of  the  plates,  pick  out 
the  stars  that  show  evidence  of  variability. 

Particular  attention  is  called  to  the  value  of  negative  results 
which  establish  the  fact  that  any  portion  of  the  sky  is  lacking 
in  variable  stars. 


Stereoscopic  Determinations  of  Proper  Motion, — The  stereo- 
comparator  was  ushered  into  the  astronomical  world  at  the 
meeting  of  the  Astronomischc  Gesellschaft  in  Gottingen  in  the 
summer  of  1902,  where  it  was  placed  on  exhibition  and  aroused 
general  interest.  It  is  described  in  No.  94  of  these  Publica- 
tions, p.  22.  One  of  these  instruments  forms  part  of  the  equip- 
ment of  the  Astrophysical  Institute  at  Heidelberg,  and  the 
Director,  Professor  Max  Wolf,  announces  in  No.  4101  of 
the  Astronomischc  Nachrichten  some  interesting  results  ob- 
tained with  its  help.  He  finds  that  slight  relative  diflFercnces 
in  the  positions  of  star-images  on  two  photographic  plates  can 
be  measured  with  great  accuracy.  These  changes  of  position 
may  be  due  to  any  one  of  several  causes,  or  to  a  combination 
of  them.  Most  important  of  these  causes  are  proper  motion 
of  some  of  the  stars,  and  diff^erential  refraction  eflFects,  due 
to  differences  in  the  color  of  the  stars.  The  ease  with  which 
displacements  of  a   few   seconds  of  arc  can  be  detected,  as 
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well  as  the  accuracy  with  which  they  can  be  measured,  combine 
to  make  this  instrument  one  of  remarkable  promise.  Professor 
VVoLt's  results  indicate  the  possibility  of  measuring  relative 
displacements  with  an  accuracy  of  less  than  a  second  of  arc 
on  plates  made  with  a  lens  of  about  thirty-two  inches'  focal 
length.  Differences  in  the  color  (i.  e.  spectral  characteristics) 
betray  themselves  by  the  displacements  due  to  differential 
refraction,  or  by  a  comparison  of  plates  made  with  lenses 
of  equal  focal  length,  but  corrected  for  different  wave-lengths, 
when  the  exposure  is  made  at  considerable  zenith-distance. 
The  application  of  the  stereoscopic  principle  promises  to 
play  an  important  role  in  future  astronomical  investigation. 
Its  chief  and  obvious  advantage  lies  in  the  striking  manner 
in  which  relative  displacements  amounting  to  a  hundredth  of 
a  millimeter  or  more  are  brought  out.  rendering  their  detection 
possible  without  a  laborious  process  of  measurement  and  reduc- 
tion. Whether  the  accuracy  of  the  photographic  method  will  be 
materiallv  increased  by  the  application  of  this  principle  remains 
to  be  seen.  B.  L.  N. 

The  following  notes  have  been  taken  from  recent  numbers 
of  Science: — 

Columbia  University  is  to  have  a  six-inch  equatorial,  suitable 
for  student  work.  The  glass  has  been  presented  by  Mrs. 
Wilde,  and  completely  refined  and  refigured  by  Messrs.  Alvan 
Clark's  Sons,  of  Cambridgeport. 

At  the  meeting  of  the  council  of  the  Royal  Astronomical 
Society  held  on  June  1st  the  following  resolution  was  unani- 
mously agreed  to:  "That  the  council  learn  with  deep  concern 
of  the  danger  threatened  to  the  Royal  Observatory,  Greenwich, 
from  the  erection  of  a  large  electric-generating  station  near 
the  observatory,  and  desire  to  represent  to  the  Admiralty  at 
the  earliest  possible  opportunity  their  conviction  of  the  para- 
mount importance  of  maintaining  the  integrity  and  efficiency 
of  Greenwich  Observatory'  which  has  been  adopted  as  the 
reference- point  for  the  whole  world." 

Professor  Simon"  Newcomg  has  been  elected  a  member  of 
the  board  of  overseers  of  Harvard  College. 

The  death  is  announced  of  M.  Rayet,  director  of  the  observ- 
atory and  professor  in  the  University  of  Bordeaux. 
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The  following  extracts  have  been  taken  from  an  account 
in  the  London  Times  of  the  report  of  the  Astronomer  Royal 
to  the  board  of  visitors  of  the  Royal  Observatory,  Greenwich: 

"  The  astrographic  equatorial  has  been  chiefly  used  for  making 
new  chart  plates,  some  of  those  previously  passed  being  unsuitable 
for  photographic  reproduction.  Eighty-three  chart  plates  were  taken 
during  the  year,  thirty-five  of  Jupiter  and  surrounding  stars,  two 
of  Mars  and  surrounding  stars.  The  Astrographic  Catalogue  is  near- 
ing  completion,  the  zones  from  64  to  84  north  declination  having  now 
been  printed,  leaving  only  six  more  degrees  to  finish  it.  It  will 
contain  about  178,000  stars;  seven  times  as  many  as  the  most  exten- 
sive catalog^ie  of  the  region  hitherto  in  existence — viz.,  the  Bonn 
Durchmusterung.  The  chart  will  contain  nearly  four  times  as 
many  stars  as  the  catalogue;  it  is  being  pushed  on  rapidly,  12,000 
prints,  reproducing  191  plates,  having  been  taken  during  the  year; 
401  plates,  about  one  third  of  the  whole,  have  now  been  reproduced. 
The  reproductions  are  on  bromide  cards,  twice  the  linear  scale  of  the 
plates,  and  are  distributed  to  about  fifty  institutions,  including  the 
leading  observatories. 

"  The  30-inch  reflector  has  been  used  for  the  photography  of 
Jupiter's  new  satellites,  comets,  and  minor  planets;  eighty-six  photo- 
graphs were  obtained  of  satellite  VI,  which  is  of  the  fourteenth  mag- 
nitude, and  nineteen  of  satellite  VII,  which  is  of  the  sixteenth 
magnitude.  As  far  as  is  known  these  are  the  only  photographs  of 
satellite  VII  obtained  elsewhere  than  at  the  Lick  Observatory,  and 
they  will  be  of  use  in  improving  the  determination  of  its  orbit.  The 
orbits  of  the  two  satellites  are  nearly  equal  in  size,  the  periods  of 
revolution  being  251  days  and  257  days,  implying  distances  of  about 
seven  millions  of  miles  from  Jupiter.  Both  orbits  are  eccentric  and 
inclined  about  thirty  degrees  to  Jupiter's  orbit,  though  their  planes 
of  motion  are  quite  different.  It  was  at  first  thought  that  they 
might  go  round  Jupiter  in  a  retrograde  direction,  like  Phoebe,  Saturn's 
ninth  satellite,  but  this  has  now  been  disproved.  One  of  the  more  inter- 
esting comets  photographed  has  been  that  discovered  by  KorFF  at 
Heidelberg  last  March.  It  has  an  immense  perihelion  distance,  three 
and  one  third  times  as  great  as  the  Earth's  distance  from  the  Sun, 
and  had  passed  perihelion  five  months  before  discovery.  The  photo- 
graphs show  a  much  more  definite  outline  than  is  commonly  the  case 
with   comets. 

"  Mr.  CowKLL  has  concluded  the  analysis  of  all  the  Greenwich 
observations  of  the  Moon  since  1750.  which  was  in  progress  at  the 
date  of  the  last  report.  Values  have  been  deduced  for  the  coefficients 
of  all  the  solar  perturbations  and  compared  with  the  theoretical 
values  found  by  Hanskx  and  Brown,  the  agreement  in  most  cases 
being  very  satisfactory.  Mr.  Cowkll  tinds  evidence  for  the  existence 
of  three  empirical  terms,  two  being  small  ones  with  periods  of  about 
half  a  century,  the  third  a  large  term  with  a  period  of  over  three 
centuries.    The  necessity  for  a  term  of  this  character  had  been  already 


Astronomical  Society   of  the  Pacific.         257 

pointed  out  by  Professor  Newcoub.  but  Mr.  Cowell  has  altered  the 
period  and  the  coefliciait.  The  search  for  a  physical  c-tplanation  of 
this  large  lerm  has  so  far  been  in  vain,  and  it  is  at  present  one  of 
the  outstanding  mysteries  of  gravitational  astronomy.  The  presence 
of  this  term  makes  it  impossible  to  deduce  the  secular  acceleration 
of  the  Moon  from  modern  observation,  and  Mr.  Cowell  has  re- 
examined Ihc  ancient  eclipses  of  the  Sun  and  Moon  with  a  view 
to  its  determination.  He  has  selected  six  solar  eclipses,  of  which 
the  records  appear  fairly  definite  and  satisfactory,  the  earliest  being 
one  in  a.  c.  1063,  recently  discovered  by  Mr.  King,  of  ihc  British 
Museum,  in  a  Babylonian  inscription.  On  the  hypothesis  that  the 
Moon  has  an  acceleration  of  eleven  seconds  per  century,  and  the  Sun 
one  of  four  seconds,  it  was  found  possible  lo  represent  satisfactorily 
all  the  above  solar  eclipses,  besides  several  of  the  lunar  eclipses 
recorded  by  Ptolemy.  There  are  thus  considerable  grounds  for  accept- 
ing the  aboi'e  accelerations.  The  acceleration  of  ihc  Sun  was  at  first 
rather  perplexing,  as  it  appeared  contrary  to  gravitational  theory,  unless 
the  supposition  was  made  thai  the  Earth  was  moving  in  a  resisting 
medium.  But  a  more  probable  explanation  has  recently  been  arrived 
at — namely,  that  the  acceleration  is  only  apparent  and  is  due  to  a 
retardation  of  the  Earth's  rotation  by  tidal  friction,  and  a  consequent 
lengthening  of  the  day.  Now.  in  all  his  computations  the  day,  not 
llie  year,  has  been  taken  as  the  unit  of  lime,  and  consequently  a 
lengthening  of  that  unit  would  produce  an  apparent  acceleration  in 
the  motion  of  all  ihe  heavenly  bodies.  Of  the  eleven  seconds  found 
for  the  lunar  acceleration,  six  seconds  are  known  to  be  due  to  the 
ilimimilion  in  the  eccentricity  of  the  Earth's  orbit,  leaving  five  seconds 
to  be  accotmted  for  by  tida!  friction.  At  first  sight  this  would  appear 
lo  imply  a  solar  acceleration  only  one  twelfth  as  great,  or  practically 
insensible.  But,  by  the  principle  of  the  conservation  of  angular  mo- 
mentum, a  relardalion  of  the  Earth's  rotation  involves  an  increase 
in  Ihe  Moon's  distance,  and  a  consequent  lengthening  of  her  period. 
This  cfftct  would  mask  the  greater  pan  of  the  apparent  acceleration 
due  to  Ihe  lengthening  day,  so  Ihat  ihe  observed  amovmt  for  the  Moon 
is  quite  consistent  with  a  solar  acceleration  of  several  seconds.  This 
principle  had  been  enunciated  by  Sir  Geohhe  Darwin  tweniy-five  years 
ago  in  his  researches  on  the  birth  of  satellites  by  tidal  evolution;  but 
the  necessity  of  applying  .inch  a  correction  to  the  actual  observations 
of  the  Moon  had  been  strangely  overlooked  till  the  present  time. 
Tt  must  be  admitted  that  the  descriptions  of  the  ancient  eclipses  arc 
not  quite  so  definite  as  could  be  desired,  but  the  agreement  of  six 
of  them  undoubtedly  gives  considerat)le  weight  to  the  reiull.  accord- 
ing to  which  the  day  is  lengthening  by  one  two-huiulredlh  of  a  second 

"The  solar  activity  in  1505  was  pronounced,  being  double  that 
for  1904:  as  1906  has  so  far  shown  a  falling  off,  ihe  sun-spot  maximum 
appears  to  be  over.  Arrangements  have  been  made  for  taking  enlarged 
photographs  of  interesting  spot  groups  on  a  scale  of  thirty  inches  to 
ihc    Sun's    diameter,    with    the    a6-inch    photographic    refractor.      The 
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sun-spot  photographs  taken  between  1874  «Lnd  1885,  re-enforced  by 
photographs  taken  at  Harvard  and  Melbourne,  have  now  been  meas- 
ured, and  the  resuhs  printed,  thus  making  a  continuous  series  from 
1874  to  the  present  time.  In  spite  of  the  great  sun-spot  activity  in 
1905,  there  were  no  days  of  great  magnetic  disturbance,  and  only 
twelve  of  lesser  disturbance. 

*'  The  Astronomer  Royal  alludes  in  his  report  to  the  anxiety  caused 
by  the  opening  of  the  new  generating  station  at  Greenwich,  which  is 
half  a  mile  due  north  of  the  observatory.  It  is  feared  that  smoke 
and  heated  air  may  affect  the  observations  of  low  north  stars,  and 
there  is  evidence  thrat  the  vibration  caused  by  the  engines  produces 
sensible  tremors  in  the  mercury  trough  used  for  reflection  obser- 
vations of  the  nadir  and  of  stars. 

"The  staff  has  suffered  the  loss  of  Mr.  F.  W.  Dvson,  who  was 
appointed  Astronomer  Royal  for  Scotland  on  the  death  of  Dr.  Cope- 
land.  Mr.  A.  S.  Kddington,  scholar  of  Trinity  College.  Cambridge, 
and  Senior  Wrangler  in  1904,  has  been  appointed  to  fill  his  place.*' 


REVIEW. 

I  Introduction  to  Astronomy.  By  Forest  Ray  Mol'l- 
TON,  Ph.  D.,  Assistant  Professor  of  Astronomy  in  the  Uni- 
versity of  Chicago.  Anthor  of  "  An  Introduction  to 
Celestial  Mechanics."  New  York:  The  Macmillan  Com- 
pany, 1906.     xviii  -\-  557  pages. 

In  this  work  Professor  Moulton  adds  a  very  interesting 
and  valuable  contribution  to  the  literature  of  descriptive  astron- 
omy. To  quote  from  tlie  preface,  "An  attempt  has  been 
made  in  this  volume  to  give  an  introductory  account  of  the 
present  state  of  the  science  of  astronomy.  The  aim  has  been 
to  present  the  subject  so  that  it  shall  be  easily  comprehended 
by  the  student  without  mathematical  or  extensive  scientific 
training,  and  so  that  he  may  obtain  from  it  not  only  some 
knowledge  of  scientific  achievements,  but  also  something  of 
the  spirit  which  inspires  scientific  work."  In  the  opinion  of 
the  writer,  Professor  Moulton  has  been  generally  successful 
in  this  attempt,  but  has  failed  in  some  few  particulars.  The 
subject-matter  of  the  first  chapters  is  simply  and  elegantly 
presented,  but  when  he  gets  to  the  subjects  of  perturbations 
and  evolution  of  the  universe,  in  which  the  author  is  jjerfectly 
at  home,  he  becomes  too  technical  for  the  average  student  and 
handles  such  formidable  terms  as  "moment  of  momentum"  as 
though  they  were  quite  commonplace  expressions  It  takes 
one  well  acquainted  with  these  subjects  to  read  those  chapters 
understandingly.  But  to  such  a  one  the  subjects  are  presented 
in  a  most  enjoyable  manner.  In  view  of  this,  it  seems  difficult 
to  determine  for  what  class  of  readers  the  work  is  intended. 

On  the  whole,  the  author  has  succeeded  in  giving  a  verj' 
satisfactory  "account  of  the  present  state  of  the  science  of 
astronomy."  The  book  is  thoroughly  up  to  date,  and  very 
valuable  for  reference.  A  copy  should  be  included  in  every 
student's  library.  It  is  exceedingly  well  written  and  well 
illustrated,  and  suggests  lists  of  the  best  works  for  reference. 
Sketches  of  the  historical  development  of  various  problems 
are  well  placed  throughout  the  book.  Interest  is  added  here 
and  there  by  philosophical  and  psychological  disc 
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subjects  such  as  '*Equal  intervals  of  time,"  "Science,"  "Induc- 
tion and  deduction,"  etc. 

In  presenting  various  theories  the  author  criticises  them 
most  fairiy  and  presents  all  sides  with  skill.  His  explanations 
of  modern  developments,  such  as  Hale's  recent  solar  investi- 
gations, etc.,  are  very  good.  In  many  places  he  gives  very 
clear  expositions  of  different  conditions  associated  with  critical 
stages  of  periodic  changes  in  different  phenomena, — e,  g,  sea- 
sons, various  inclinations  of  Moon's  orbit  to  the  equator,  etc 
Sets  of  interesting  and  valuable  questions  are  interspersed 
throughout. 

In  the  opinion  of  the  writer,  there  are  a  few  minor  adverse 
criticisms,  which  will  be  noted  in  passing.  The  author  was 
not  compiling  a  dictionary,  and  it  should  not  be  necessary  in 
a  work  of  this  kind  to  explain  the  meaning  of  words  such 
as  "luminiferous,"  "sidereal,"  "chromatic,"  etc.  I,  for  one, 
object  to  the  author  s  persistent  use  of  the  word  "planetoid." 
Scientific  literature  is  too  permeated  with  the  word  "asteroid" 
to  make  the  change  just  for  etymological  consistency.  The 
word  "mare,"  for  instance,  will  probably  always  be  used  in 
lunar  topography;  so  why  change  from  "asteroid'*  to  "plan- 
etoid" ? 

In  the  printing  of  numerical  parts  the  usual  form  such  as 
8".7  seems  better  than  that  of  8.7"  used  in  the  text. 

While  I  have  not  verified  all  of  the  numerical  data  given, 
such  as  those  on  page  294,  I  have  looked  into  the  more 
important  of  them  and  find  them  generally  correct.  In  making 
detailed  criticisms  by  chapters  attention  will  be  called  to  the 
errors  noted. 

Chapter  I  gives  the  "Preliminary  Outline." 

Chai)ter  II — ''Reference  Points  and  Lines."  In  several  places 
in  defining  reference  points  and  lines  the  sequence  is  not  good. 
For  instance,  the  vernal  equinox  is  first  mentioned  on  page  30 
and  is  defined  on  page  32. 

Chapter  III — "Constellations."  This  chapter  is  most  pleas- 
ing and  useful.  The  introduction  of  the  star-maps  is  a  good 
feature,  and  the  description  of  the  constellations  is  well  de- 
signed to  create  an  interest  in  observation. 

Errata:   Page  51,  below  Ri^i;c!  read  fi  Orionis  for  a  Orionis; 
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below  Betelguese  read  a  Orionis  for  p  Orionis;   line  7  from 
bottom  insert  minus  sign  before  the  declination. 

Chapter  IV — 'Telescopes/'  In  this  chapter  the  optical  feat- 
ures of  telescopes  are  very  clearly  presented. 

In  the  opinion  of  the  writer  the  method  of  finding  magnify- 
ing power  (pp.  85-86)  is  not  described  completely;  mention 
should  have  been  made  of  finding  the  focus  of  the  image  of 
the  objective. 

Figure  41  (p.  109)  presents  a  very  poor  chronographic 
record.  The  rate  of  the  chronograph  was  bad  and  the  signals 
for  transits  are  much  too  long. 

Erratum:  Page  85,  section  70. — The  first  sentence  defines 
tlie  reciprocal  of  magnifying  power  instead  of  magnifying 
power  itself,  as  stated. 

Chapter  V  on  "The  Earth"  is  extremely  good. 

Chapter  VI— "The  Motions  of  the  Earth."  The  subject- 
matter  of  this  chapter  is  well  presented.  The  writer  thinks 
that  in  discussing  variations  of  latitude  his  list  of  stations 
should  have  included  those  in  Siberia,  Italy,  and  Cincinnati. 

Chapter  VII — "The  Law  of  Gravitation."  This  chapter  is 
excellent.  Mention  might  well  have  been  made  of  the  so-called 
Invariable  Plane. 

Chapter  VIII — "Time."  In  this  chapter  the  all-important 
idea  that  time  is  hour-angle  is  not  brought  out. 

The  "mean  sun"  is  not  once  mentioned.  The  author  may 
have  had  some  reason  for  this  which  is  not  apparent  to  me. 

Erratum:  Page  241. — The  Julian  calendar  is  now  (since 
1900)  thirteen  days  behind  the  Gregorian,  instead  of  twelve 
days,  as  stated  in  the  text. 

Chapter  IX— "The  Moon." 

Chapter  X — "Eclipses."  This  subject  is  presented  with 
great  clearness. 

Erratum:  Page  278,  fig.  109. — The  point  called  B  in  the 
text  has  been  omitted  from  the  figure. 

Chapter  XIi — "The  Solar  System."  In  the  opinion  of  the 
writer  the  various  methods  of  determining  solar  parallax  are 
not  fully  enough  explained. 


262  Publications  of  the 

Pages  303  et  al. — The  motion  of  the  seventh  satellite  of 
Jupiter  has  been  shown  to  be  direct.  This  fact  probably 
became  known  to  the  author  too  late  to  make  the  correction. 

Erratum:  Page  311,  line  10  from  bottom — For  Tietjex 
read  Bauschinger. 

Chapter  XII — "The  Planets."  This  chapter  contains  the 
most  recent  results  and  is  very  interesting. 

Errata :  Page  326 — In  the  time  of  passage  of  Deinws  from 
meridian  to  meridian  read  13.2  hours  for  13  hours  15  minutes. 

Page  344 — The  foot-note  should  include  the  satellites  of 
Uranus  and  Neptune, 

Chapter  XIII — "Comets  and  Meteors."  This  chapter  is 
excellent. 

Objection  might  be  made  to  the  author's  statement  (p.  356) 
that  planet  motions  are  simple  while  comet  motions  are 
complex. 

Chapter  XIV — "The  Sun."  This  chapter  is  very  good  in- 
deed. The  author  presents  the  nature  of  light  very  clearly. 
To  read  the  whole  chapter  understandingly,  however,  requires 
some  knowledge  of  optics,  and  it  is  rather  doubtful  if  it 
could  be  so  read  "by  the  student  without  mathematical  or 
extensive  scientific  training." 

In  the  subject  of  spectnim  analysis  it  is  to  be  regretted  that 
it  is  not  clearly  explained  how  a  spectrum  can  be  formed  by 
using  a  grating. 

No  mention  is  made  of  the  ultra-violet  part  of  the  spectnim. 

Chapter  XV — "Evolution  of  the  Solar  System."  This  is 
a  most  interesting  chapter,  in  that  the  author  presents  not 
only  the  old  nebular  hypothesis  but  also  the  "Planetesimal  Hy- 
pothesis" by  Cham  BERLIN  and  himself.  The  advantages  and 
disadvantages  of  the  older  theory  are  presented  quite  impar- 
tially. In  the  writer's  opinion  some  objections  could  have 
been  offered  to  the  latter  theory,  but  this  is  not  the  place  to 
give  them. 

The  whole  chapter  is  \try  well  written,  but,  I  am  afraid,  is 
not  readily  understandable  by  the  non-scientific  mind.  The 
author  here  becomes  overzealous  and  goes  into  the  subject 
too  deeply  for  "An  Introduction  to  Astronomy." 
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Qiapter  XVI — **The  Stars  and  Nebulas.*'  This  is  again 
an  excellent  chapter.  The  author  here  uses  the  tenn  "light- 
year"  without  defining  it.  He  further  introduces  the  unit  of 
distance,  200,000  times  the  distance  from  the  Earth  to  the 
Sun,  which  seems  unnecessary  since  we  have  the  light-year. 

Erratum:   Page  541,  near  middle — For  lo'.o  read  o".!. 

Several  trivial  errors,  such  as  always  creep  into  a  first 
edition,  have  been  noted,  but  need  not  be  mentioned  here. 
They  will  undoubtedly  be  eliminated  from  future  editions,  of 
which  the  writer  ventures  to  predict  that  there  will  be  many. 

Russell  Tracy  Crawford. 

University  of  California, 

Berkeley  Astronomical  Department, 
July  6,  1906. 
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PLANETARY  PHENOMENA  FOR  NOVEMBER  AND 

DECEMBER,  1906. 


By  Malcolm  McNf.ill. 


phases   of  the   MiX)N,   PACIFIC   TIME. 


Last  Quarter.  Nov.  9,  1^45"!  a.m. 
New  Moon...  **  16,12  36  a.m. 
First  Quarter.  "  22,  4  39  p.m. 
Full  Moon...  "      30,  3     7     p.m. 


Last  Quarter.. Dec.    8,   5'»45'np.M. 

New  Moon "      15,10   54    a.m. 

First  Quarter.  **      22,   7     4    a.m. 
Full  Moon "      30,10  44    a.m. 


The  winter  solstice,  the  time  when  the  Sun  begins  its  north- 
ward motion  and  winter  begins,  comes  on  December  22d, 
about  10  A.M.,  Pacific  time. 

Mercury  is  an  evening  star  on  November  ist,  setting  not 
quite  an  hour  after  sunset.  This  interval  increases  slightly, 
and  is  a  little  over  an  hour  at  the  middle  of  the  month.  The 
planet  reaches  greatest  east  elongation  (2t^°  o')  on  November 
9th,  and  after  a  few  days  begins  to  approach  the  Sun  quite 
rapidly.  It  passes  inferior  conjunction  with  the  Sun  on  the 
evening  of  November  29th  and  becomes  a  morning  star.  After 
that  it  moves  rapidly  out  toward  greatest  west  elongation,  and 
reaches  this  situation  on  Dcccmlxjr  18th.  It  then  rises  more 
than  an  hour  and  three  quarters  before  sunrise,  and  the  inter- 
val diminishes  only  slightly  during  the  rest  of  the  month,  being 
not  quite  an  hour  and  one  half  on  December  31st.  It  will 
therefore  be  in  good  position  for  observation  on  any  clear 
morning  after  about  December  loth. 

yeiins  is  still  an  evening  star  on  November  ist.  setting  not 
quite  an  hour  and  one  half  after  sunset.  By  the  middle  of 
the  month  it  is  less  than  one  hour  behind  the  Sun,  but  may 
still  be  seen  in  the  evening  twilight.     It  reaches  itiferior  con- 
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junction  on  November  29th  and  becomes  a  morning  star. 
After  that  it  moves  rapidly  away  from  the  Sun  on  a  path 
which  carries  it  considerably  to  the  north  of  the  Sun,  so  that 
by  December  i6th  it  rises  two  hours  before  and  on  December 
31st  three  liours  before  sunrise. 

The  relative  motions  of  Mercury  and  Venus  during  Novem- 
ber and  December  are  interesting.  On  November  ist  both 
are  evening  stars.  Venus  being  about  12°  farther  from  the  Sun 
than  Mercury,  Mercury  keeps  on  increasing  its  distance  from 
the  Sun  until  November  9th,  while  Venus  continually 
approaches  it.  On  the  evening  of  November  14th  Venus 
overtakes  and  passes  Mercury,  the  nearest  approach  being 
about  2°,  Venus  south.  Both  are  still  far  enough  away  from 
the  Sun  to  be  seen  in  the  evening  twilight,  if  the  weather  is 
good.  Venus  is  now  ahead  in  the  race  toward  the  Sun,  but 
Mercury  soon  begins  to  gain  and  reaches  conjutiction  with 
the  Sun  only  an  hour  after  Venus,  on  November  29th.  It 
overtakes  and  passes  Venus  fifteen  hours  later,  but  both  planets 
are  of  course  too  near  the  Sun  to  be  seen.  They  are  now 
morning  stars,  both  receding  from  the  Sun,  but  Mercury  s 
burst  of  speed  soon  gives  out,  and  Venus  overtakes  and  passes 
it  on  the  morning  of  December  15th,  Venus  being  a  little  less 
than  1°  south.  Both  of  the  planets  are  now  far  enough  away 
from  the  Sun  to  be  seen  in  the  morning  twilight. 

Mars  is  now  a  morning  star,  gradually  increasing  its  dis- 
tance from  the  Sun.  On  November  ist  it  rises  at  about  3:30, 
and  on  December  31st  at  about  2:30.  During  this  period  it 
moves  about  35"^  eastward  and  14°  southward  through  Jlrt^o. 
On  November  14th  it  passes  a  little  more  than  1°  south  of  the 
third-magnitude  star  y  Jlrginis,  and  on  December  3d  about  3° 
north  of  the  first-magnitude  star  Spica,  a  Virginis.  By  the  end 
of  December  its  distance  from  the  Earth  will  have  diminished 
to  about  seventy  per  cent  of  the  maximum  which  it  had  in 
July,  and  its  brightness  will  consequently  have  just  about 
doubled.  It  will  be  nearly  as  bright  as  the  first-magnitude  star 
Spica,  which  is  near  it  through  December. 

Jupiter  is  .i^cttinj^:  into  good  position  for  observation  in  the 
eastern  sky  in  the  evening.  On  November  1st  it  rises  at  a  little 
before  9  r..\f.,  and  at  a  little  before  sunset  on  December  31st. 
It  comes  to  o])position  with  the  Sun  on  the  morning  of  Decem- 
I>er  28th.    It  is  in  the  western  part  of  the  constellation  Gemini, 
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and  its  motion  is  retrograde,  about  6°  westward.  It  is  south 
and  west  of  the  principal  stars  of  Gemini,  Castor  and  Pollux, 
and  in  the  general  direction  of  Aldebaran,  the  brightest  star 
in  Taurus,  but  rather  nearer  the  former  pair. 

Saturn  is  also  in  good  position  for  evening  observation,  but 
is  in  the  southwestern  sky.  It  remains  above  the  horizon  until 
about  1 130  A.M.  on  November  ist,  and  on  December  31st  does 
not  set  until  nearly  10  p.m.  It  is  in  the  eastern  part  of 
Aquarius  and  moves  slowly  westward  until  November  12th. 
After  that  it  moves  eastward  and  northward  about  2°.  The 
apparent  breadth  of  the  rings  begins  again  to  diminish,  but 
does  not  become  as  small  as  it  was  in  June. 

Uranus  is  also  in  the  western  sky  in  the  evening,  but  is  con- 
siderably nearer  the  Sun  than  is  Saturn,  It  sets  shortly  after 
8  P.M.  on  November  ist,  and  the  apparent  distance  from  the 
Sun  diminshes  until  the  planet  comes  to  conjunction  on  Decem- 
ber 30th.  It  is  still  in  the  constellation  Sagittarius,  and  moves 
about  3°  eastward  during  the  two  months.  The  nearest  bright 
star  is  still  XSagittarii.  After  December  ist  the  planet  will 
be  too  near  the  Sun  for  naked-eye  view. 

Neptune  rises  about  9  p.m.  on  November  ist,  and  before 
5  p.m.  December  31st.     It  is  still  in  Gemini. 


fT»-nr 


NOTES    FROM    PACIFIC    COAST    OBSER\-ATORIE&; 

On  the  Cause  of  thk  ChaKj\ctehistic  Puenome 
Sl'n-Spot  SpectRvX. 
In  considering  the  cliaracteristic  features  of  the  spectra  o 
sun-spots,  three  points  especially  attract  attention: — 

1.  The  fact  that  certain  lines  in  the  spectrum  of  a  givok 
element   are   strengthened,   while   others   are    weakened; 
remainder  of  the  lines  being  unaffected. 

2.  The  inclusion  of  all  the  strengthened  lines  witlun  the  visih 
spectrum,  none  of  them  occurring  in  the  ultra-violet,  and  th< 
predominance  in  the  red,  yellow,  and  green. 

3.  The  relatively  great  intensity  of  the  continuous  back; 
ground  of  the  spot  spectrum  in  the  less  refrangible  region. 

From  our  general  knowledge  of  spectra  corresponding  t 
various  temperatures  we  are  aware — 

1.  That  in  passing  from  a  high  temperature  to  a  low< 
temperature,  certain  lines  are  strengthened,  some  are  una 
fected,  and  others  are  diminished  in  intensity. 

2.  That  such  a  reduction  of  temperature  is  accompanied  1 
an  increase  in  the  relative  intensity  of  the  less  refrangible  lini 
and  a  shift  of  the  maximum  of  a  continuous  spectrum  towaj 
the  red. 

The  general  correspondence  of  these  two  groups  of  fad 
led  us  to  seek  for  an  explanation  of  the  spectra  of  siin-spota| 
on  the  hypothesis  that  the  metallic  vapors  within  the  spots  hvii 
a  temperature  lower  than  thai  of  the  photosphere. 

The  investigation  was  begun  with  the  aid  of  a  sjTichronoi 
rotating  arc.  of  Crew's  design,  which  ^miils  the  spectrum  o£  T 
the  alternating  arc  to  be  photographed  at  any  desired  phase. 
Subsequently  an  ordinary   arc  was  employed,  with  currents 
of  thirty  amperes  and  two  amperes  respecti\*ely.     The  lines 
in  the  spectra  of  iron,  titanium,  vanadium,  chromium,  mangi 
nese.  and  other  mela\5  c\\a.TacX«U\.vc  of  sun-spots,  were  fotii 
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to  show  changes  of  intensity  similar  to  those  observed  in  spots, 
when  passing  from  high  phase  to  low  phase,  or  from  large 
cturents  to  small  currents.  All  the  evidence  favored  the  view 
that  the  effect  of  such  variations  in  the  arcs  is  to  lower. the 
temperature.  This  conclusion  was  subsequently  confirmed 
with  the  aid  of  the  flame  of  the  arc  and  with  an  electric  furnace. 
In  the  latter  the  metals  are  volatilized  within  a  carbon  tube, 
the  outer  wall  of  which  is  heated  by  a  powerful  electric  arc. 
At  the  low  temperatures  obtained  within  the  tube  spectra 
closely  resembling  the  spectra  of  the  corresponding  elements 
in  sun-spots  have  been  photographed. 

The  results  are  given  in  full  in  Contributions  from  the  Solar 
Obscrz'atory,  No.  11.    They  may  be  summarized  as  follows: — 

Considering  first  the  lines  strengthened  in  sun-spots  and 
those  strengthened  in  the  two-ampere  arc  or  in  the  flame  of  the 
arc,  we  have  the  following  table: — 

Element. 

Ti., 
Cr,, 
Fe,, 
F... 
Mn . 

220  204  16 

A  comparison  of  the  lines  weakened  in  spots  with  the  same 
lines  in  the  spark  and  two-ampere  arc  or  flame  gives  the  fol- 
lowing result: — 

No.  Lines     No.  These        No.  Not       No.  Dimin-     No.  Not  No.  Not 

Element.  Weakened    Enhanced        Changed         ished  in         Seen  in        Changed  in 

In  Spot.        in  Spark.         in  Spark.       Weak  Arc.  Weak  Arc.      Weak  Arc. 

Ti 

Cr 

Fe 

Mn 

32  29  3  24  7  1 

It  is  thus  evident  that  more  than  90  per  cent  of  the  lines 
that  are  strengthened  in  our  photographs  of  sun-spot  spectra, 
and  included  in  this  investigation,  are  strengthened  in  passing 
from  a  thirty-ampere  arc  to  a  two-ampere  arc  or  to  \.\\^  ^'a.vcv^. 


No.  of  Lines 

Strengthened 

in  Spots. 

No.  of  Lines 
Strengthened 
in  Weak  Arc. 

Uncha 
Weak 

88 

83 

5 

46 

42 

4 

19 

18 

I 

56 

52 

4 

II 

9 

2 

8 

8 

0 

8 

0 

0 

10 

10 

0 

6 

4 

0 

13 

10 

3 

9 

3 

I 

I 

I 

0 

I 

0 

0 
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A  similar  proportion  of  the  lines  that  are  weakened  in  sun- 
spots  are  weakened  under  the  same  conditions.  We  have  also 
found  that  the  lines  whose  intensities  are  unchanged  in  sun- 
spots  are,  speaking  generally,  unchanged  under  the  conditions 
named.  As  a  further  fact,  of  great  importance  in  its  bearing 
upon  the  temperature  of  the  vapors  in  sun-spots  and  the  classi- 
fication of  stellar  spectra,  we  also  find  that  over  90  per  cent 
of  all  the  ^'enhanced"  (spark)  lines  included  in  our  tables  are 
weakened  or  absent  in  the  two-ampere  arc  and  in  the  flame. 

We  conclude  that  the  temperature  of  the  vapors  in  sun-spots 
is  probably  below  that  of  the  same  vapors  in  the  ordinary 
reversing  layer.  As  we  have  recently  shown  that  the  spectra 
of  third-type  stars  closely  resemble  spot  spectra,  and  as  this 
resemblance  is  greatly  enhanced  through  our  recent  discovery* 
of  the  titanium  oxide  fluting,  which  begins  at  A  5597.9,  in  our 
photographs  of  spot  spectra,  further  investigations  along  these 
lines  seem  likely  to  prove  fruitful. 

George  E.  Hale, 
Walter  S.  Adams,  and 
Henry  G.  Gale. 

I-'inlay's  Periodic  Comet  {icpGd). 

This  comet  was  discovered  by  Fixlay  in  1886.  It  returned 
to  the  Sun  in  1893  and  1900,  and  was  rediscovered  on  its  third 
return  by  Kopff,  of  Heidelberg,  on  the  morning  of  July  17, 
1906.  A  search  ephemcris  had  been  computed  by  M.  Fa  yet, 
of  Paris,  and  published  in  the  same  number  of  Astronomischc 
Xachrichtcn  with  the  printed  announcement  of  discovery. 

The  comet  was  looked  for  at  the  Lick  Observatory  on  July 
20th,  when  it  was  easily  seen  in  the  3-inch  finder  of  the  12-inch 
equatorial.  Since  then  it  has  been  observed  a  number  of  times, 
the  last  at  present  writing  (September  20th)  being  on  Sep- 
tember 16th.  From  the  time  of  rediscovery  it  grew  continu- 
ously brighter  until  about  the  middle  of  August ;  since  then 
it  has  grown  fainter,  but  at  no  time  was  it  visible  to  the  naked 
eye.  On  July  20th  there  was  a  faint  nucleus  of  about  the 
twelfth  magnitude,  surrounded  by  a  diff"use  nebulous  mass. 
This  condensation  was  barely  of  magnitude  13.5  on  September 
1 6th.     Xo  tail  had  been  found  at  the  time  of  the  last  obser- 

^''^^'°"-  E.  A.  Fat II. 

Se/>tcmber  20,  1906. 
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Reobservation  of  Ph<ebe,   the  Ninth   Satellite  of 

Saturs. 
The  first  photograph  of  Phoebe  at  the  present  opposition  was 
secured  with  the  Crossley  reflector  on  July  i8th. 

The  ix>sition  of  the  satellite  at  14*^  41*"  23^  P.  S.  T.,  was 

a  23^      5*"     128.85 

S        —7°     59'    3<y''0 
or,  with  respect  to  Saturn, — 

I™      io».35       west 
6'       S3".  5       south 

This  position  is  within  i**  in  a  and  o'.i  in  S  of  the  place 
predicted   for  it  by   Dr.   Ross. 

Other  observations  were  secured  on  July  19th,  20th,  August 
14th,  i6th,  and  17th.     Phcche  is  now  too  close  to  Saturn  for 

observation  with  the  Crossley.  p  j)   Perrinf 

September  12,  igo6. 

Reobservation  of  Jupiter's   Sixth   Satellite. 

The  first  observation  of  the  Sixth  satellite,  at  the  present 
opposition,  was  secured  on  August  26th.  Its  position  at  15*^ 
10"  30*,  P.  S.  T.,  was 

R.  A.  6*^     21"^     24M99 

Decl.  (-22°     38'     32".o 

Its  position  with  reference  to  Jupiter  was — 

Position-angle  210-      14' 

Distance  29^.0 

September  14,  1906.  C.   D.    Perrixe. 

Note  on  Comet  r  1906  (Kopif). 

The  fifth  comet  of  this  year  was  discovered  near  op])osition 
August  22d  by  Kopff  at  Heidelberg.  Three  observations  by 
Mr.  Path,  on  August  24th,  25th,  and  26th,  were  kindly  tele- 
graphed to  the  Student's  Observatory  by  Director  Campi^ell. 
These  revealed  a  very  slow  motion.  l^Vom  them  a  prelim- 
inary orbit  was  deduced,  which  has  lx*cn  ])rinte<l  in  Lick  Ob- 
servatory Bulletin,  Xo.  99. 

A  second  orbit  based  upon  observations  made  by  Mr.  Path, 
August  24th,  Scpteniljcr  5th,  and   September   i^\.\\,  \\^^  \\\^X. 


272  Publications  of  the 

been  completed.  As  was  expected,  large  variations  from  the 
first  elements  were  found.  These  three  observations  cannot  be 
represented  by  a  parabola.  They  lie.  however,  on  an  ellipse 
whose  semi-major  axis  is  3.54  astronomical  units.  The  period 
is  about  six  and  two-thirds  years.  Its  nearest  approach  to  the 
Sun  was  May  2d,  at  which  time  it  was  158,000,000  miles 
from  it. 

The  plane  of  this  second  orbit  is  inclined  8°  44'  to  the 
plane  of  the  ecliptic.  The  longitude  of  perihelion  is  283°. 
The  comet  is  receding  from  both  the  Earth  and  the  Sun,  so 
that  it  is  becoming  fainter.  It  can  no  longer  be  seen  with 
a  telescojje  of  moderate  size,  and  will  soon  be  too  faint  for 
any  but  the  largest  telescopes. 

An  ephemejis  giving  the  positions  of  the  comet  up  to 
November  2d  is  printed  with  these  second  elements  in  Lick 
Obseri'atory  Bulletin,  No.  100.  The  comet  is  at  present  travel- 
ing southwest  through  the  southern  part  of  Pegasus.  On 
October  loth  it  will  be  in  Right  Ascension  22**  26",  and  5°  46' 
north  of  the  equator.  Russell  Tracy  Crawford. 

Berkeley  Astronomical  Department. 
September   22,    1906. 

Note  ox  22028  (Rej.). 
In  the  .}[ensiircc  Micromeiriccr  fourteen  stars,  originally 
suspected  of  being  double  but  finally  rejected  as  single,  are 
omitted  by  Struve.  Among  these  is  2  2028,  which,  in  his  1827 
catalogue,  was  marked  "oblonga?"  but  evidently  was  not  seen 
in  subsequent  years.  1  examined  this  star  (B.  D.  -f-  39°  2963) 
with  the  12-inch  telescope  on  the  night  of  September  4,  190^^ 
and  at  once  saw  that  it  was  really  double.  A  measure  with 
the  36-inch  on  September  7th  gives  146^.8,  0^.49,  magnitudes 
8.0  and  8.5.  It  is  worth  noting  that  this  is  the  only  star  finally 
rejected  by  Stiujvk  as  single  that  has  since  been  found  to  be 
double.  T»     i-     \ 

R.    G.    AlTKEX. 

September   17,   1906. 

A  Too-Ixcii  Mirror  for  thi-:  Solar  Observatory. 

I  am  permitted  to  announce  that  Mr.  John  D.  Hooker,  of 
Los  Angeles,  has  ])rescntcd  to  the  Carnegie  Institution  of 
Washington  the  sum  of  $45,000,  to  be  used  to  purchase  for 
the  Solar  ObservaloTv  3l  ^X^ls?.  ^xsV  \QCi  \wcKes  in. diameter 
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^Hlnd  thirteen  inches  thick,  and  to  meet  other  expenses  incident 
^pio  the  constniction  of  a  100-inch  mirror  for  a  reflecting  tele- 
scope of  fifty  feet  focal  length.    The  optical  work  will  be  done 
by  Professor  G.  \V.  Ritchkv  and  the  assistant  opticians  em- 
ployed under  his  direction  by  the  Solar  Observatory, 

In  Contributions  from  the  Solar  Observatory.  No.  13,  I  have 
Xnitlined  the  difficulties  that  must  be  overcome  in  the  construc- 
tion and  use  of  a  lOO-inch  mirror.    These  include — 

( 1 1  The  manufacture  of  a  suitable  glass  disk.  In  view  of 
heir  long  experience  and  full  understanding  of  the  require- 
ments, it  seems  probable  that  the  St.  Gobain  Company  will 
:  able  to  make  a  satisfactory  disk,  although  the  amount  of 
glass  to  be  cast  in  a  single  piece  will  weigh  over  four  and  one 
lalf  tons. 

(2)  The  production  of  a  perfect  paraboloidal  figure.  After 
ius  successful  work  with  the  (o-inch  reflector,  Mr.  Ritchey 
frill  undoubtedly  be  able  to  accomplish  this  difficult  task. 

(3)  The  design  and  construction  of  a  mounting  capable  of 
parrying  the  mirror  with  the  necessary  accuracy.  There  seems 
00  reason  to  doubt  that  the  experience  gained  from  the  use 
bf  the  60-inch  reflector  will  render  it  possible  to  design  a  satis- 
Eactory  mounting,  which  the  Union  Iron  Works  Company  will 
X  able  to  construct  in  such  a  way  as  to  meet  all  requirements. 

f4)  Serious  changes  of  focal  length,  due  to  variations  in  the 
temperature  of  the  mirrors.  The  fact  that  the  night  tem- 
perature on  Mt.  Wilson  is  nearly  constant  after  9  p.m.,  during 
Bte  best  observing  season,  and  the  possibility  of  maintaining 
tfie  mirrors  during  the  day  at  the  average  night  temperature 
by  means  of  a  refrigerating  plant,  seem  to  indicate  that  no 
insuperable  difficulties  will  arise  from  this  cause. 

(5)  Imperfect  seeing.  Our  tests  of  the  definition  at  night 
tm  Mt.  Wilson,  made  with  the  Snow  telescope  and  smaller 
instruments,  lead  us  to  believe  that  the  occasions  on  which  the 
full  aperture  of  the  mirror  can  be  used  for  the  most  exacting 
'work  will  not  be  very  infrequent.  The  average  conditions  will 
undoubtedly  permit  the  100-inch  reflector  to  be  used  advan- 
tageously in  the  various  classes  of  work  in  which  large  light- 
^thering  power,  rather  than  the  most  perfect  definition,  is 
Ksential. 

The  funds  for  the  mounting,  dome,  and  building  required 

r  the  100-inch  mirror  have  not  yet  been  obtimtd,    \  Wn«. 
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some  reason  to  believe,  however,  that  a  donor  can  be  found. 

As  these  mechanical  parts  can  be  constructed  in  a  single  year, 

while  the  completion  of  the  mirror  will  require   four  years. 

there  is  no  need  of  haste  in  this  reijard.      ^  t-    t  t 

^  George  E.  Hale. 

Reobservation  of  the  Seventh   Satellite  of  Jvfiter. 

The  first  observation  of  the  seventh  satellite  of  Jupiter  at 
the  present  opposition  was  secured  with  the  Crossley  reflector 
on  September  17th.  The  image  of  the  satellite  (with  one 
hour's  exposure)  is  extremely  faint.  The  identity'  of  the  object 
was  only  made  certain  from  plates  sectired  on  September  25th 
and  26th  with  longer  exposures. 

The  position  of  the  satellite  with  respect  to  its  primary  on 
September  2Sth,  at  2^^  54"*  30*,  P.  S.  T.,  was 

Position-angle    1 19°     4' 

Distance    42'.c)6 

A  comparison  of  this  place  with  Ross's  ephemeris,  published 
in  A.  N,  4101,  gives  the  following  residuals — in  the  sense 
observed  minus  ephemeris: — 

Position-angle    —  1  °.i 

Distance    -|-  o'.2 

This  must  be  considered  a  very  satisfactory  agreement. 

Mt.  Hamilton,  California,  C.  D.   Perrixe. 

September  28,  1906. 

Erratum. 
In  No.  109,  these  Publications,  p.  262,  line  9,  for  13.2  read 
132. 
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SidUir  Parallax  U'ork-  at  the  yalc  Ohscn\itory.~The  heli- 
ometer  at  the  Astronomical  Observatory  of  Yale  University — 
ilie  only  instrument  of  its  kind  in  this  country — has  been 
devoted  principally  to  observations  for  determining  the  paral- 
laxes of  stars:  Dr.  Elkin's  work  on  the  Parallaxes  of  the 
Stars  of  the  First  Magnitude  is  recognized  as  one  of  the  most 
valuable  contributions  to  our  knowledge  in  this  difficult  field. 

It  is  generally  known  that  another  important  piece  of  work, 
having  for  its  object  a  more  extended  survey  of  fainter  stars 
with  large  proper  motion,  has  been  in  progress  with  this 
hcliometer  for  some  years,  and  the  results  have  been  looked 
for  with  great  interest.  They  are  now  made  public  in  Part  I 
of  Volume  II  of  the  Transactions  of  the  Astronomical  Obser- 
vatory of  Yale  University,  which  is  entitled  "Parallax  Inves- 
tigations of  One  Hundred  and  Sixty-three  Stars  Mainly  of 
Large  Proper  Motion."  The  great  bulk  of  the  work  has 
been  executed  by  Dr.  Chase.  Assistant  Astronomer,  who  has 
devoted  to  it  the  larger  part  of  the  past  thirteen  years;  but 
Mr.  Mason  F.  Smith,  Assistant,  and  Dr.  Elkin,  the  Director, 
have  also  taken  part  in  it.  the  relative  shares  of  the  three 
observers  being  about  as  ten  to  two  to  one,  respectively. 

The  Introduction  describes  the  selection  of  the  programme 
of  work  and  the  method  of  observation  and  reduction.  It 
was  at  first  planned  to  make  only  a  few  observations — three 
or  four— at  two  successive  epochs  of  maximum  parallactic 
effect,  it  being  assumed  that  these  would  be  sufficient  to  show 
with  certainty  parallaxes  as  large  as  o".20  and  to  indicate 
values  as  targe  as  o".io.  The  stars  with  large  parallaxes  were 
then  to  be  observed  more  exhaustively.  Later  it  seemed  desir- 
able to  extend  the  Dbser\'ations  over  two  more  epochs  taken 
in  reverse  order,  to  eliminate  more  completely  the  effects  of 
proper  motion  and  any  systematic  errors  of  observation.  More 
stars  were  also  added  to  the  observing -list,  including  Arclurus 
(results  not  yet  published),  several  red  stars,  for  the  determi- 
nation of  systematic  error  depending  on  star-color,  and  a 
number  of  stars  selected  by  Dr.  Dr  Ball,  ot  V\eT\T\?t,  a.?.  \'cvt 
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material  for  a  co-operative  plan  for  a  stellar  parallax  cam- 
paign based  on  stellar  magnitude. 

The  results  in  the  present  investigation  are  made  to  depen^i 
solely  on  measures  of  distances,  two  comparison-stars  being 
used,  in  general,  for  each  star  investigated.  Every  precaution 
was  taken  to  avoid  systematic  errors  of  all  kinds,  and  tests  of 
various  kinds  were  made  to  check  the  accuracy  of  the  results. 

The  main  part  of  the  volume  gives  the  details  of  the  meas- 
ures for  each  star,  the  equations  of  conditions,  the  normals  and 
their  solution,  and  finally  the  resulting  relative  parallax  with 
its  probable  error.  This  is  followed  by  a  discussion  of  the 
observations  on  the  red  stars  and  a  general  discussion  of  the 
results  of  the  parallax  work.  It  is  shown  that  there  is  a  dis- 
cernible effect  on  the  distance-measures,  due  to  the  color  of 
the  star,  "the  mean  light  of  the  red  star  being  apparently 
refracted  less  than  that  of  the  comparison-stars,"  but  the  effect 
is  so  small — probably  not  greater  than  o".03  for  a  highly 
colored  star — that  "any  vitiation  in  the  parallax  results,  due 
to  this  cause,  is  presumably  well  within  their  probable  error." 

The  table  of  collected  results  shows  that  only  two  stars 
were  found  to  have  a  parallax  as  great  as  o".20. — viz., 
5  Scrpetitis,  5.1  magnitude,  and  Lalandc  46650,  8.7  magnitude, 
— and  that  only  thirty-eight  show  a  parallax  equal  to  o".io. 
In  their  {general  conclusions,  the  authors  arrange  their  results 
in  ^\Q  tables,  in  order  resjDectively  of  Proper  Motion,  Stellai 
Magnitude,  Size  of  Parallax,  Right  Ascension,  and  Stellar 
Spectra.  In  the  first,  second,  and  fifth  of  these  tables.  Dr. 
Elkix's  results  for  the  Ten  First-Magnitude  Stars  in  the 
northern  hemisphere  are  also  included. 

These  tables  are  of  great  interest,  and  bring  out  clearly 
some  important  points.  That  there  should  appear,  in  Table  I, 
a  ''distinct  interdependence  of  parallax  and  proper  motion" 
was  to  be  expected.  It  is  noted  that  the  stars  with  proper 
motions  exceeding  V  give  "unifomily  positive  and  generally 
appreciable  values"  for  the  parallax. 

The  dependence  of  parallax  upon  magnitude  is  not  so  clearly 
brought  out  in  Table  II,  but  a  small  relation  is  indicated. 
More  data  are  needed  for  the  determination  of  this  relation. 

Table  III  em])hasizes  the  connection  between  proper  motion 
and  parallax.  Table  I\^  indicates  an  interesting  relation 
between  the  paraUax  awd  \\\^  R\^Vvl  Av%ce\\slon  of  the  stars. 
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though  the  proper  motions  here  also  show  the  same  sequence. 
AVhen  the  mean  values  arc  combined  into  quadrant  groups  we 
have : — 


Right  Ascension. 

Proper  Motion. 

Parallax. 

o^  to    6** 

o".73 

0.065 

6    to  12 

0  .62 

0.033 

12     to  18 

0  .83 

0.064 

18    to  24 

0  .55 

0.035 

Number  of 
Stars. 

Average 
Magnitude. 

42 

6.3 

40 

6.2 

40 

6.4 

51 

5-8 

The  possibility  that  a  temperature  effect  might  account  for 
this  sequence  is  considered  by  the  authors,  but  they  feel  *'meas- 
urably  confident  that  the  relation  shown  by  Table  IV  is  one 
of  actual  reality." 

Finally,  the  fifth  table  fails  to  show  much  evidence  for  the 
law  deduced  by  Kapteyn  of  larger  parallaxes  for  stars  with 
Type  II  spectra  than  for  stars  of  Type  I ;  but  classes  F  and  H 
of  Type  II  present  marked  divergences,  the  average  values  for 
the  two  being  -J-  o".079  ^"^  +  o".023,  respectively,  with  sensi- 
bly equal  average  proper  motions. 

The  present  writer  was  pleased  to  find  that  four  binary  stars 
having  reasonably  well-determined  orbits  were  included  in  the 
list  of  stars  with  fairly  well-determined  parallax. 

It  may  be  of  interest  to  give  the  masses  and  dimensions  of 
those  systems  which  result  from  combining  these  values  of 
the  parallax  with  the  orbital  elements  given  in  Lick  Observa- 
tory Bulletin,  No.  84. 

Assuming  as  units  the  year,  the  Earth's  distance  from  the 
Sun,  and  the  combined  mass  of  the  Earth  and  Sun,  we  have 

the  formula:      A  ==  P%    (m  -\-n\')^j   when    a   denotes    the 

semi-major  axis  of  the  binary  orbit,  P  the  revolution  period, 
(m  -f-  m')  the  combined  mass  of  the  two  components,  and  tr 
the  parallax. 

For  the  four  stars  in  question  we  find : — 


Star.                   fl" 

P 

TT 

(m  -f  m') 

-lii 

(Herculis             i".3S 

34^.8 

0".  1 7 

0.42 

8 

$  Ursm  Majoris    2  .51 

60  .0 

0  .17 

0.89 

15 

/A  Herculis^  EC     i   .37 

45  -4 

0  .12 

0.72 

II 

85  Pcgasi               0  .78 

25  7 

0  .10 

0.72 

8 

astron. 
units. 


1  The  parallax  is  given  for  the  bright  star,  Mu  Hrrculii,  but  the  micrometer  measures  show  that 
the  faint  pair,  BC,  is  phrsically  connected  with  Mu,  and  it  is  hence  assumed  that  its  components  have 
the  same  parallax. 
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So  far  as  these  figures  go  they  indicate  that  the  masses  of 
binary  systems  are  of  the  same  order  as  that  of  the  solar  sys- 
tem. The  dimensions  of  these  four  systems  are  comparable 
with  those  of  the  orbits  of  Saturn  and  Uranus. 

It  must  be  said  that  comparatively  small  changes  in  the 
values  of  the  parallax  and  orbit  elements  result  in  large 
changes  in  the  values  of  the  mass  and  dimensions.  Thus  Miss 
Clerke,  using  o".oS4  for  the  parallax  of  85  Pcgasi  and  See's 
elements  (a  =  o".89,  P  =  24^.0)  finds  (m  +  m'>  equal  to  11. 

R.  G.  AlTKEN. 

Planetary  Inversion. — The  Monthly  Notices  of  the  Royal 
Astronomical  Society  for  April,  1906.  contain  a  very  interest- 
ing and  quite  elaborate  article  on  "Planetary  Inversion,"  by 
F.  J.  M.  Stratton,  of  Gonville  and  Caius  College,  Cambridge. 
The  work  is  an  extension  to  the  other  planets  of  the  solar 
system  of  Sir  George  Darwin's  theory  of  tidal  friction  put 
forth  a  number  of  years  ago  to  explain  the  evolution  of  the 
Earth-Moon  system.  The  primary  object  of  the  investigation 
seems  to  have  been  to  explain  the  apparently  anomalous  condi- 
tion presented  in  the  retrograde  motion  of  Phcebe,  the  ninth 
satellite  of  Saturn,  discovered  some  years  ago  by  Professor 
W.  H.  Pickering.  The  article  is  far  too  technical  for  the 
general  reader  to  follow,  but  the  author  gives  an  excellent 
summary  of  three  pages  in  non-technical  language  at  the  con- 
clusion. The  author  has  also  written  a  brief  extract,  printed 
in  the  .-isfrophysical  Journal  for  July,  which  is  reproduced 
below  with  the  omission  of  one  paragraph. 

"In  view  of  the  discussion  between  Professor  Moulton  and  Professor 
W.  H.  PicKERiNCi  in  the  number  of  the  Astrophysical  Journal  for 
December  last,  perhaps  a  brief  abstract  of  the  results  obtained  by  apply- 
ing Sir  George  Darwin's  theory  of  tidal  friction  to  the  question  of 
planetary  inversion  may  be  of  interest.  It  seems  certain  to  be  the  case 
that  if  a  planet  unattended  by  any  satellites  has  an  initial  retrograde 
rotation,  its  axis  of  rotation  will,  under  the  influence  of  tidal  friction, 
tilt  over  until  the  planet  reaches  a  position  of  stable  equilibrium  in 
which  its  rotation  will  be  direct.  The  stable  value  for  the  obliquity 
will  be  somewhere  between  o**  and  90°,  its  exact  value  depending  on  the 
planet's  viscosity,  rate  of  rotation  around  its  axis,  and  of  revolution 
in   its   orbit. 

"If  satellites  are  introduced,  the  question  becomes  more  complicated, 
and  the  stable  value  of  the  obliquity  will  vary  with  the  different  con- 
ditions as  to  the  nimiber  of  satellites,  their  masses,  and  mean  distances. 
There  will  be  three  possWAe  c<.vv\\\\\>t\v\tu  n^\\\^%  for  the  obliquity  accord- 
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icly.  Ju[-iler  is  cerlainly  approaching  the  first  of  these  values; 
Lining  for  it  initial  relrograde  rotation,  its  satellite  system  i 
been  evolved  after  its  obli<|nity  had  under  the  influence  of  tidal 
>n  alone  decreased  to  some  value  less  than  90°.  Saturn,  on  the 
other  hand,  evolved  Phabc.  and  possibly  lapelus  and  Hypfrion.  while 
its  ohliqiiily  was  still  greater  than  go°.  As  its  ofaliqnily  approached  this 
value,  Phirl'e's  orbit  moved  down  to  the  echptic  ( thus  remaining  retro- 
grade), while  lat>etui  and  Hyperion  followed  Salurn'i  equator  over. 
Later  on,  the  inner  satelhtes  were  evolved,  and  under  their  influence 
and  that  of  the  ring  Saluni  is  moving  into  a  stable  position  of  small 
obliqnity.  in  the  cases  of  Uranm  and  Xefltttif,  lack  of  sufficient  data 
makes  it  impossible  to  say  with  any  accuracy  what  is  happening,  but 
it  seems  most  likely  that  Xcphiiie  is  being  driven  by  its  own  satellite 
into  a  stable  position  with  an  obliquity  of  180°.  The  obliquity  of 
L'ranut,  too.  is  possibly  being  increased  at  present,  but  in  this  case 
llie  result  is  very  doubtful. 

"It  remains  to  add  that  the  theory  is  tieset  with  many  difficult  its,  such 
as  the  great  extent  of  time  involved  and  the  double  factor  introduced 
by  the  heterogeneity  of  the  planets.  It  does  not.  so  far  as  I  can  sec 
at  present,  explain  the  high  obliquities  of  ]itpiter's  recently  discovered 
satellites;  but  it  is  an  hypothesis  which  does  offer  an  eicplanation  of 
igrade  motion  of  Phtcbe  in  its  orbit,  and  of  tiie  retrograde 
of  Uranus  and  Mfplune." 


r 


The  Committee  on  Bibliography  and  Astronomical  Studies 
at  the  Royal  Belgian  Observatory  has  undertaken  the  task  of 
preparing  and  publishing  a  list  of  the  observatories  and  astron- 
omers of  the  world.  It  is  the  intention  to  include  in  this 
list  all  those  who  are  actively  engaged  in  work  for  the  advance- 
mem  of  astronomical  knowledge,  and  all  such  who  are  not 
connected  with  any  observatory  to  which  inquiries  have  been 
addressed  are  requested  to  .send  to  M.  le  Professeitr  Dr,  P. 
Strood-WT,  at  the  Royal  Observatory  of  Belgium  at  Uccle, 
for  an  inquiry  blank. 

The  following  notes  have  been  taken  from  recent  numbers 
of  Science: — 

Professor  Hi;HM.\NN  C.\Bi.  \'ogel.  director  of  the  Astro- 
physical  Obser\-atory  at  Potsdam,  has  been  elected  a  corre- 
spondent of  the  Paris  Academy  of  Sciences,  in  succession  to 
the  late- Dr.  S.  P.  Lanclev. 

Professor  Julius  Franz,  director  of  the  Breslau  Observa- 
tory, has  been  elected  an  associate  of  the  Royal  Astronomical 

iciety. 
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Mrs.  W.  P.  Fleming,  curator  of  astronomical  photographs 
in  the  Harvard  College  Observatory,  has  been  elected  an  hon- 
orary fellow  of  the  Royal  Astronomical  Society.  Mrs.  Flem- 
ing has  also  been  appointed  honorary  fellow  in  the  department 
of  astronomy  in  Wellesley  College,  in  recognition  of  her  dis- 
tinguished work  in  astronomy  and  in  gratitude  for  "her  helpful 
co-operation  in  the  establishment  of  astronomical  work  in 
Wellesley  College. 

Professor  Edmund  Weiss,  professor  of  astronomy  in  the 
University  of  Vienna,  has  been  elected  a  corresponding  mem- 
ber of  the  Paris  Academy  of  Sciences  in  the  room  of  the  late 
O.  Struve.  

The  astronomical  fraternity  mourns  the  loss  of  M.  Georges 
Rayet,  for  twenty-five  years  director  of  the  Bordeaux  Observ- 
atory, whose  death  occurred  on  the  14th  of  June.  The 
Astronomischc  Nachrichten,  No.  41 11,  contains  a  brief  account 
of  his  career,  and  the  Bulletin  Astronomique  for  August  con- 
tains an  account  of  exercises  held  in  recognition  of  his  eminent 
services  to  astronomical  science. 


Doctor's  Degrees. — In  Science  for  August  17th  there  is  an 
article  entitled  "Doctorates  Conferred  by  American  Universi- 
ties." During  the  last  nine  years  2,387  doctorates  have  l)een 
conferred,  and  of  these  1,131  were  taken  in  the  sciences. 
Thirty-one  degrees  have  been  granted  in  astronomy,  which 
stands  ninth  among  the  twenty-two  sciences  enumerated.  Four 
doctorates  in  astronomy  were  conferred  during  the  last  aca- 
demic year,  as  follows:  By  the  University  of  Chicago,  on 
Dei.onza  Tate  Wilson,  ''Work  on  Minor  Planets";  by  the 
University  of  Pennsylvania,  on  Samuel  Goodwin  Barton, 
"Secular  Perturbations  Arising  from  the  Action  of  Saturn  on 
Mars:  an  Application  of  the  Method  of  Louis  Arndt";  and  on 
Edith  Dabele  Kast,  "The  Mean  Right  Ascensions  and  Proi)er 
^Motions  of  One  Hundred  and  Thirty  Stars'*;  by  the  University 
of  California,  on  SKiiASTiAN  Albrecht,  (I)  '*A  Spectrographic 
Study  of  the  Fourth  Class  \'ariable  Stars  Y  Ophiuchi  and 
T  Viilpccuhv:'  (II)  "On  the  Distortion  of  Photographic  Films 
on  Glass." 


REVIEW. 


lASURES   OF   THE   DOUKLE    S TARS    CONTAINED   IN    THE    MeN- 
SUILE    MlCHOMETRICt    OF    F.    G.    W.    StRUVE    COLLECTED 

AND  Discussed  .  .  .  By  Thomas  Lewis.  London :  Royal 
Astronomical  Society,  Burlington  House.  1906. 
'  The  2,640  double  stars  contained  in  Strl've's  great  work, 
familiarly  known  as  the  Meusiira  Micromctrkic,  have,  since  its 
publication  in  1837,  furnished  a  large  pro|K)rtion  of  the  mate- 
rial for  the  measures  and  studies  of  all  double-star  observers. 
Fully  one  hundred  different  professional  and  amateur  astron- 
omers iiave  devoted  some  portion  of  their  time  to  these  stars, 
and  the  pa|)ers  relating  to  them  are  widely  scattered  through 
the  astronomical  and  other  scientific  journals  and  the  transac- 
tions of  scientific  societies.  To  collect  the.se  papers,  present 
their  contents  within  tlie  limits  of  a  single  volume  in  such  form 
as  to  show  the  nature  of  the  relation  existing  between  the  stars 
of  these  2,640  systems,  and  discuss  in  more  detail  the  more 
interesting  ones,  as  well  as  some  general  problems  relating  to 
double  stars,  is  the  task  Mr.  Lewis  set  for  himself  in  preparing 
the  work  now  under  review.  Both  by  his  long  experience 
as  an  observer  and  computer  of  orbits  of  double  stars  and  by 
his  thorough  acquaintance  with  the  hterature  of  the  subject 
Mr.  Lewis  is  well  qualified  for  such  an  undertaking,  and  the 
result  of  his  labors  is  a  volume  that  will  prove  of  great  interest 
Kjod  value  to  al!  workers  in  the  field  of  double-star  astronomy. 
^Klt  is  natural  to  compare  his  work  with  the  two  similar 
■MKdumes  that  have  appeared  in  recent  years — Burnham's  Gen- 
eral Catalogue  of  his  own  discoveries,  and  Ht-"SSEv's  volume 
on  the  Otto  Struve  Stars.  When  this  is  done  two  main  points 
of  difference  are  at  once  apparent.  Mr.  Lewis  has  not 
attempted  to  remeasnre  all  the  stars  he  discusses,  nor  even  to 
secure  measures  of  all  of  them.  In  many  cases  Dembowski's 
measures,  made  thirty  or  forty  years  ago,  are  the  last  ones 
|dven.     This,  however,  is  no  detriment  to  the  work,  for  in 
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practically  all  cases  the  data  given  show  the  nature  of  the 
stellar  system  as  clearly  as  is  possible  at  the  present  time. 
Only  measures  extended  over  a  longer  series  of  years  can  add 
information  of  real  value. 

The  second  important  difference  is  the  omission  by  Mr. 
Lewis  of  the  references  to  the  original  sources  of  the  meas- 
ures given.  Not  even  a  list  of  the  papers  consulted  in  the 
preparation  of  the  work  is  printed,  so  that  it  is  not  possible 
to  say,  except  by  comparison  with  recent  astronomical  litera- 
ture, to  just  what  date  published  measures  are  included.  It 
is  probable  that  space  considerations  account  for  this  omission, 
for  it  must  of  course  be  kept  in  mind  that  the  present  work 
treats  of  more  than  twice  as  many  stars  as  are  contained  in 
Burn  ham's  Catalogue  and  approximately  five  times  as  many 
as  were  discovered  by  Otto  Struve;  and  that  as  these  stars 
have  been  known  longer,  and  are  for  the  most  part  easier 
objects  to  measure,  the  published  measures  and  discussions 
relating  to  them  bear  even  larger  ratios  to  those  on  the  p  and 
02  stars. 

To  the  present  reviewer,  however,  this  omission  constitutes 
a  fundamental  defect  in  Mr.  Lewis's  volume,  regarded  as  a 
work  of  reference,  for  any  one  who  wishes  to  investigate  the 
motion  in  a  given  stellar  system  will  desire  to  consult  the 
original  measures  in  order  that  he  may  weight  them  and  com- 
bine them  in  such  manner  as  in  his  judgment  will  give  the 
most  reliable  solution.  For  the  p  stars  and  the  02  stars  he  will 
find  a  convenient  and  complete  guide  to  all  published  data  to 
a  definite  date  in  the  volumes  referred  to  above,  but  in  the 
case  of  the  5  stars  he  will  be  no  better  of?  in  this  respect  after 
consulting  •Mr.  Lewis's  volume  than  he  was  before. 

To  illustrate  the  fact  that  no  two  computers  are  likely  to 
combine  their  data  in  quite  the  same  way,  and  also  to  show 
that  the  present  volume  is  not  exhaustive  in  point  of  contain- 
ing all  published  measures,  I  have  copied  in  parallel  columns 
the  angle  measures  of  70  Ophiiichi  =22272  for  the  years 
1891  and  i8(;2,  as  given  by  Lewis  and  as  given  by  Dorerck 
in  his  recent  discussion  of  the  orbit  in  Astronomische  Nach- 
rich  fen,  Xo.  4115. 

The  slight  difTcrcnces  in  the  data  common  to  the  two  lists 
are  undoubtedly  due  to  differences  in  the  manner  of  combining 
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the  individaal  measures,  and  they  illustrate  my  point  that 
every  computer  will  wish  to  consult  the  original  data  when 
undertaking  the  disaission  of  a  double-star  orbit. 


Lewis.  nh—rv-r  Dobbrck. 

Date.  Angle.  Observer.  jjate.  Angle 


1891.53    327°.8   ...Tarrant 1891.53  327 

.54    328  .3   ...Maw .54  328 

•55    325  .1   ...H.  Struve 

.56    327  .6   ...Hall .56  327 

. . .  Collins .56  329 

.58    329  .1   ...ScHUR .58  328 

.  .  .  SCHIAPARELLl .  .  .  .6o  328 

.61  326    .1         ...BiGOURDAN .65  326 

Knorre .64  327 

1892.37         321   .9      • . .  Burnham* 1892.37  321 

. . .  Collins .41  320 

.42         319  .6      ...Knorre 

.49         321    .7      ..   Maw .49  321 

•54         321   .1       ...CoM.sTocK .57  321 

.65  319    .1         ...BiGOURDAN .62  319 

.63  321   .2      ...Tarrant .63  321 

.64         321   .0      ...ScHUR .64  320 

.65         320  .3      .  .  .schiaparelli.  .  .  .63  32o 

...Glasenapp .68  317 

.  .  .  GlKDH ILL .69  3  I  I 
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As  for  the  incompleteness  of  the  data  shown  by  this  com-' 
parison,  it  is  unfortunately  true  that  other  stars  also  show  it. 
For  example,  in  the  case  of  B  Equuici,  Mr.  Lewis  has  over- 
looked, among  other  measures,  Hussky's  fine  series-  made 
with  the  36-inch  telescope  on  ten  nights  each  in  the  critical 
years  1901  and  1902.  Nor  are  all  the  data  given  concerning 
published  orbits.  The  reader,  for  instance,  would  infer  that 
DoBERCK  had  computed  two  distinct  orbits  of  ?;  Cassiopeia^, 
and  only  two,  whereas  in  his  discussion  (A.  X.  3743)  he  gives 
a  series  of  six  sets  of  elliptic  elements  and  states  that  No.  VI 
"must  be  considered  as  the  definitive  orbit,  so  far."  !Mr. 
Lewis  quotes  Nos.  R^  and  V  of  those  orbits,  but  curiously 
enough  omits  No.  VL  Again  DooLiTTr.E'.s'*  orbit  of  S  518  has 
apparently  been  entirely  overlooked. 

In  Dobbrck's  article  this  measure  is  erroneously  attributed  to  Bicoi'kdan. 
^  See  the»e  Fuilieathm.  Vol.  XIV,  p.  197. 
'  Prtttdines  Amtritan  Philaiofhicjl  Stcift}.  Vol.  XLII,  l***).^,  p.  170. 
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It  is  quite  unnecessary  to  multiply  such  instances,  for,  after 
all,  they  only  af?ect  the  value  of  the  work  as  a  reference- 
book,  and  it  is  very  possible  that  the  author  did  not  plan  his 
work  as  a  reference-book  in  any  sense,  but  considered  it 
wholly  as  a  discussion  of  the  motions  of  the  2  stars  based  on 
their  measures  since  discovery  and  of  the  problems  these 
motions  suggest.  It  is  certain,  at  any  rate,  that  in  this  discus- 
sion lies  the  value  of  the  work.  Every  star  has  evidently 
been  carefully  studied,  and  however  opinions  may  differ  as 
to  the  validity  of  the  conclusions  reached  in  individual  cases, 
Mr.  Lewis's  arguments  are  always  interesting  and  suggestive 
and  his  judgments  entitled  to  consideration. 

Features  of  special  value  are  his  study  of  the  proper  mo- 
tions, and  his  analysis  of  the  meridian  observations  of  such 
stars  as  c  Hydrcr,  {  Herculis,  and  y  Virginis,  which  throw  new 
light  on  the  peculiarities  shown  by  the  micrometer  measures. 
Another  commendable  feature  is  the  inclusion  of  data  relating 
to  the  spectra  of  the  brighter  stars. 

New  orbits  are  given  for  nineteen  binary  stars,  eighteen  of 
which  were  computed  by  Mr.  Lewis  himself  and  one  by  Mr. 
BowvER.  Four  of  these  pairs  are  not  2  stars,  strictly  speaking, 
but  are  due  to  the  discovery  by  Otto  Struve,  Alvan  Clark, 
and  Burn  HAM  that  one  member  of  a  wide  Struve  pair  is 
itself  a  close  double  star.  Orbits  had  been  previously  com- 
pleted for  all  of  these  pairs,  and  in. most  cases  the  new  elements 
do  not  differ  greatly  from  the  former  ones.  For  many  other 
pairs  Mr.  Lewis  gives  the  apparent  ellipse  that,  in  his  judg- 
ment, best  represents  the  observed  motion,  but  wisely  takes  a 
conservative  view  of  the  value  of  these  orbits,  remarking,  for 
example,  that  the  figure  is  to  be  regarded  only  as  a  possible 
representation,  or  that,  while  it  satisfies  the  law  of  equal  areas 
fairly  well,  too  much  reliance  must  not  be  placed  on  it. 

One  of  the  most  suggestive  ])arts  of  the  whole  book  is  Mr. 
Lewis's  discussion  in  the  Introduction  of  the  distribution  of 
double  stars  in  space.  Curves  are  given  showing  the  distribu- 
tion of  the  stars  in  Ar(;elander's  D.  ^I.  and  of  the  S  stars. 
It  is  seen  from  the  marked  similarity  of  the  two  curves,  with 
their  strong  maxima  in  the  plane  of  the  ^lilky  Way.  that  the 
distribution  of  the  ^  stars  in  the  sky  follows  very  closely  the 
distribution  of  the  stars  in  general.     But  when  the  2  stars 
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are  divided  into  classes  based  on  relative  motion,  and  the 
resulting  groups  compared,  very  different  curves  appear. 
Thus  the  curve  showing  the  ratio  in  each  hour  of  right  ascen- 
sion of  the  relatively  fixed  pairs  to  pairs  in  relative  motion 
rises  to  a  maximum  in  the  early  hours  of  right  ascension  and 
has  an  equally  well-marked  minimum  in  the  hours  from  16  to 
21.  A  very  similar  curve  results  when  the  fixed  physical  pairs 
(i.  e.  those  whose  components  have  a  common  motion  through 
space  but  show  no  relative  change)  are  compared  with  those 
showing  orbital  motion.  Mr.  Lewis  thinks  that  "no  systematic 
effect  due  to  observational  conditions  strongly  influenced  this 
curve  (Xo.  3]  which  deals,  not  with  the  absolute  number  of 
pairs  observed,  but  with  the  proportion  of  pairs  of  one  class 
to  pairs  of  another  class."  But  he  suggests  a  very  simple 
cause  that  might  alter  the  proportion  of  fixed  and  moving  pairs 
in  different  parts  of  the  sky — namely,  that  the  stars  in  certain 
regions  are,  as  a  whole,  more  distant  from  us  than  in  others. 
We  cannot  follow  his  analysis  of  the  distribution  of  the  S  stars 
based  on  this  conception,  but  must  content  ourselves  with  stat- 
ing his  conclusion,  which  is  that  it  * 'seems  to  show  that  the 
stars  around  us  fonii  a  universe  very  much  the  shape  of 
an  tg^,  and  that  we  are  not  situated  in  the  center."  The 
longer  diameter  of  this  "egg"  lies  in  a  line  from  3^  to 
13**  R.  A.,  and  the  Earth  is  nearest  the  surface  of  it  in  about 
19*^  R.  A.  He  estimates  the  longer  diameter  as  roughly 
equivalent  to  600  light  years,  and  the  smaller  to  300  light 
years.  *' Professor  Seklicer,"  he  says,  "considers  the  Milky 
Way  in  its  nearest  parts  as  distant  from  us  some  4,400  light 
years.  If  so,  the  -Milky  Way  evidently  lies  quite  beyond  the 
systems  here  discussed.  It  may  also  be  accepted  that  while 
the  region  3^  R.  A.  to  12*^  R.  A.  is  intrinsically  richer  in  double 
stars,  it  is  comparatively  poor  in  pairs  showing  relative 
motion." 

Whether  we  accept  these  conclusions  or  not,  tlicir  presenta- 
tion in  this  fonn  will  doubtless  stimulate  further  investigation 
of  the  most  important  problems  connected  with  the  study  of 
double  stars.  To  the  present  reviewer  it  ai)pears  doubtful 
whether  the  2S  stars  furnish  adequate  data  for  their  solution, 
and  it  was  precisely  with  tlie  object  of  sui)])lying  such  data 
that  the  systematic  survey  of  the  sky  for  the  discovery  of  new 
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double  stars  was  undertaken  at  the  Lick  Observator}*  some 
years  ago.  When  this  is  completed,  as  it  is  likely  to  be  within 
two  or  three  years,  it  is  the  writer's  hope  to  be  able  to  discuss 
these  questions  anew.  ^    ^     . 

R.    G.   AlTKEX. 
September   15,   1906. 
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Minutes  of  the  Meeting  of  the  Board  of  Directors,  Held 
AT  THE  Lick  Observatory,  September  29, 

1906,  at  8  p.  M. 

Vice-President   Campbell  presided.     The   following  members  were 
duly  elected: — 

Mrs.  Ch.vrles  D.  Blaney Stevens  Creek  Road,  San  Jose,  Cal. 

Mr.  E.  A.  Path Lick  Observatory,  Mt.  Hamilton,  Cal. 

Miss  Estelle  Clancy Students*  Observatory,  Berkeley,  Cal. 

Mr.  James  E.  Gould i  Sonant  Hall,  Harvard  University, 

(     Cambridge,  Mass. 

Rev    G    Heredia  i  Director  of  the  Observatory,  Puebla, 

(     Mexico. 

Mr.  John  L.  Howard 340  Steuart  St.,  San  Francisco,  Cal. 

Mr.  William  A.  Magee 5  Montgomery  St.,  San  Francisco,  CaL 

Mr.  George  Frederick  Paddock.     Casilla  1219,  Santiago,  Chile. 

Rev.  George  M.  Searle,  C.  S.  P.  i  ^^''^'L'  f  ^"["^^  ^^5  W.  59th  St., 

(     New  York,  N.  Y. 

Dr.  Arthur  B.  Turner Montclair,  N.  J. 

\rr    P    T    Tv  -nv  ^  Seaboard  Bank,  24  Market  St.,  San 

(     rrancisco,  Cal. 
Adjourned. 

No  formal  meeting  of  the  Society  was  held  on  September  29,  1906. 
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A  REVIEW  OF  CERTAIN  RESEARCHES  ON  RADIO- 
ACTIVITY THAT  HAVE  A  BEARING  UPON 
ASTRONOMICAL   QUESTIONS. 

Bv  ButtT  L.  Newkikk. 

Since  the  discovery  of  the  penetrating  property  of  the 
Xrays  by  Professor  Ron'tcen  !ii  1895  the  progress  of  certain 
branches  of  physical  science  has  been  so  rapid  that  one  not 
actually  engaged  in  the  work  of  investigation  along  these 
particular  lines  can  scarcely  keep  pace  with  the  new  theories 
and  discoveries.  The  most  striking  advances  are  a  result  of 
the  study  of  radio-activity;  the  series  of  facts  brought  to  light 
by  this  study  being  of  so  extraordinary  a  character  as  almost  to 
bewilder  the  student.  Just  how  much  of  a  revolution  in  physical 
theory  they  will  effect  cannot  now  be  estimated,  but  tlie  pros- 
pect is  such  that  no  person  interested  in  any  branch  of  physical 
science  can  afford  to  be  uninformed  with  regard  to  these  dis- 
coveries. Their  special  interest  to  students  of  astronomy  lies  in 
their  bearing  upon  theories  of  the  constitution  of  matter  and 
the  relation  between  matter  and  electrical  energy.  The  light 
which  the  study  of  the  phenomena  of  radio-activity  is  throw- 
ing upon  these  questions  must  influence  very  materially  the- 
ories of  cosmological  processes.  It  being  obviously  impossible 
to  give  anything  like  a  complete  account  of  this  subject  within 
the  limits  of  such  a  paper,  only  those  points  are  noticed  that 
have  a  more  or  less  direct  bearing  upon  astronomical  problems. 
For  the  information  contained  in  the  following  pages  I  am 
chiefly  indebted  to  the  two  editions  of  Professor  Rutherfokd's 
"Radio-activity,"  though  other  sources  have  been  made  use  of, 
some  of  which  are  indicated  by  exact  references. 
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Radio-activity  is  a  property  possessed  by  certain  substance! 
of  emitting  a  so-called  radiation  which  affects  a  photographic 
plate,  and  is  detectable  in  other  ways.  The  only  substances 
which  have  so  far  been  found  to  possess  the  property  of 
radio-activity  to  any  considerable  extent  are  uranium,  thorium, 
actinium,  and  radium,  and  certain  "disintegration  producli" 
of  these  substances.  There  is,  however,  some  experinienti! 
evidence  in  favor  of  the  view  that  many  substances  are  more 
or  less  radio-active. 

Radium  is  the  most  active  of  the  four  substances  mentioned 
above.  If  an  unexposed  photographic  plate,  protected  from 
light  by  inclosure  in  a  box,  be  left  for  a  short  time  in  the 
neighborhood  of  a  small  amount  of  radium  and  then  reinovwi 
and  developed,  it  is  found  to  be  fogged. 

Certain  substances  show  fluorescence  when  brought  into  the 
presence  of  radium.  I  have  seen  an  observer  locate  a  small 
amount  of  radium  which  was  behind  a  closed  door  by  moving 
a  screen  of  fluorescing  substance  about  until  it  glowed,  when 
opposite  the  radium.  Electrically  charged  bodies  in  air  or  in 
any  other  gas  are  rapidly  discharged  if  there  is  a  small  quan- 
tity of  radium  in  the  neighborhood.  Exposure  of  the  human 
skin  to  the  radiation  produces  irritation,  and.  where  the 
exposure  is  excessive,  severe  inflammation  which  is  very  slow 
in  healing.  Radium  also  has  the  property  of  warming  itself 
and  the  receptacle  which  contains  it  above  the  temperature  tb 
the  surroimding  atmosphere.  The  other  three  substances  men 
tioned  as  possessing  radio-active  properties  are  less  actrn 
than  radium,  but  they  undoubtedly  possess  all  of  these  pro! 
erties  in  a  less  marked  degree.  ■ 

The  resemblance  of  these  effects  to  the  effects  produced  1^ 
the  X  rays  at  once  suggests  the  theory  that  they  are  due  to 
a  radiation  from  the  active  substances  similar  in  character  \o 
the  X  rays.  It  will  be  remembered  that  the  latter  will  pene- 
trate substances  opaque  to  ordinary  light,  fog  a  photographic 
plate,  discharge  electrically  charged  bodies,  produce  fluores- 
cence in  certain  salts,  and  cause  irritation  of  the  human  cuticle. 

A  remarkable  series  of  experiments  performed  in  the  Caven- 
dish Laboratory  by  Professor  J.  J.  Thomson  and  his  students 
led  to  the  theory  regarding  the  origin  and  natiire 
X  rays  that  is  at  present  generally  accepted.    According  to 


Astronomical  Society  of  the  Pacific.        291 

the  cathode  rays  consist  of  a  stream  of  "electrons,"  each  hav- 
ing a  mass  of  about  one  thousandth  of  the  mass  of  the 
hydrogen  atom  and  carrymg  a  certain  definite  charge  of  elec- 
tricity, known  as  the  "ionic  charge,"  being  the  charg;e  carried 
by  an  ion  of  imit  valency  in  electrolysis.  The  X  rays  are 
thought  to  be  ether-pulses  set  in  motion  when  the  electrons 
meet  with  any  obstacle  which  retards  them  in  their  flight,  as, 
for  example,  the  glass  walls  of  the  vacuum-tube. 

Investigation  of  the  radiations  from  radium  and  the  other 
active  substances  has  brought  out  the  fact  that  three  different 
kinds  of  "radiations"  are  emitted.  They  are  known  as  the 
a,  p,  and  y  rays,  respectively.  The  arays  consist  of  a  stream 
of  particles  having  a  mass  of  the  order  of  magnitude  of  the 
hydrogen  atom,  and  carrying  a  positive  charge  when  observed 
in  their  flight  through  a  gas.  Recent  observation  indicates 
that  these  a.  particles  are  W'ithout  an  electric  charge  when 
ejected  from  the  active  substance,  but  acquire  their  positive 
charge  upon  collision  with  the  atoms  or  molecules  of  the  gas 
through  which  they  fly.' 

The  ^rays  consist  of  a  stream  of  negatively  charged  elec- 
trons,^— that  is,  particles  whose  mass  is  about  a  thousandth 
of  the  mass  of  the  hydrogen  atom. 

The  y  rays  are  thought  to  be  ether-pulses  similar  to  the 
X  rays,  but  differing  from  them  in  a  certain  quality  of  intensity. 
When  a  Crookes  tube  in  which  the  vacuum  is  of  an  exceed- 
ingly high  order  is  used  lo  produce  X  rays,  exceptionally  pene- 
trating rays,  called  "hard"  rays,  are  produced.  The  y  rays 
bear  a  closer  resemblance  to  the  hard  X  rays  than  to  the  ordi- 
nary, or  soft,  X  rays,  and  it  seems  probable  that  the  difference 
between  the  y  rays  and  the  X  rays  is  only  in  this  quality  of 
"hardness." 

A  gram  of  radium  in  radio-active  equilibrium  emits 
about  2.5  X  10"  a  particles  per  second  with  velocities  vary- 
ing between  ten  and  thirteen  thousand  miles  per  second.^ 
The  heat  equivalent  of  the  kinetic  energy  of  this  stream  of 
particles  is  about  too  gram  calorics  per  hour.  This  is  roughly 
the  amount  of  heat  necessary  to  melt  one  gram  of  ice.  A 
gram  of  radium  generates  sufficient  heat  by  the  bombardment 
of  its  a  particles  to  melt  its  own  weight  of  ice  each  hour. 

'  Nttvrt,  August  3.    igci6,   p.  jid.         'I'hil,  Mag..  Dcioljer.   1906,  |i.  3S9, 
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The  immber  of  /i  particles  emitted  by  a  gram  of  radium 
per  second  is  estimated  to  be  7  X  lo'",  and  tliey  are  emiiieJ 
at  velocities  of  from  35.000  to  190,000  miles  i^er  second.  Their 
mass  is  so  small  that  the  kinetic  energy  of  their  flight  is  small 
as  compared  with  that  of  the  stream  of  a  particles. 

The  y  rays  are  thought  to  arise  from  the  acceleration  of 
the  ;3  particle  somewhat  as  the  X  rays  are  produced  by  the 
cathode  particle  as  staled  above.  They  are  supposed  to  travel 
with  the  velocity  of  light 

It  seems  10  be  quite  certainly  established  that  the  energy 
developed  by  radium,  due  to  the  bombardment  of  the  u  par- 
ticles, is  not  derived  from  any  external  source,  but  is  contained 
in  the  radium  atoms.  Accompanying  this.discharge  of  energy 
there  is  supposed  to  occur  a  disintegration  of  the  radium  atom. 
This  disintegration  occurs  at  such  a  rale  that  half  of  atij 
given  quantity  of  radium  would  disintegrate  in  2,600  years,' 
a  half  of  the  remainder  in  the  next  2,600  years,  and  so  011. 
Thus,  if  a  gram  of  pure  radium  were  put  into  a  closed  tobt 
and  examined  at  the  end  of  a  period  of  5,200  years,  it  wouM 
be  found  that  the  tube  contained  one  fourth  of  a  gram  of 
radium  and  such  of  the  products  of  the  disintegration  of  tlie 
other  three  quarters  of  a  gram  as  had  not  escaped  through 
the  walls  of  the  tube.  All  this  time  the  radium  in  the  tube 
would  he  radiating  heat  sufficient  to  melt  its  own  weight  oi 
ice  each  hour. 

It  is  clear  from  the  preceding  statements  that  the  atoms 
the  radio-active  substances  must  be  regarded  as  storehouses 
of  comparatively  enormous  amounts  of  energy.  About  two 
pounds  of  radium  would  give  off  in  the  course  of  its  disinte- 
gration sufficient  energy  to  drive  one  of  our  largest 
liners  across  the  Atlantic  at  record-breaking  sjieed. 

The  analysis  of  the  disintegration  products  of  the  ra< 
active  elements  is  one  of  the  triumphs  of  moilern  research. 
should  be  remarked  that  tlie  claim  that  an  actual  disinteg^ 
tion  of  a  chemical  clement  takes  place  has  been  called 
question  by  Lord  Kelvik,  and  has  been  the  subject  of 
animated  controversy  among  English  physicists  and  chemii 
The  result  of  the  discussion  was  simply  to  bring  out  the 
that   we   may  either   regard   the   radio-active   substances 
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unstable  chemically  complex  substances  or  as  unstable  ele- 
ments. It  is  the  propriety  of  calling  these  substances  elements 
and   not  the   fact  of  disintegration   that   has  beon  called    in 

The  disintegration  theory  offers  very  simple  and  direct 
explanations  of  a  multitude  of  observed  phenomena,  and  I 
shall  proceed  to  give  an  account  of  the  observed  facts  of  the 
"disintegration"  of  the  radio-active  substances  as  interpreted 
by  the  theory  advanced  by  Rutherford  and   Soddy. 

The  four  radio-active  substances — uranium,  thorium,  actin- 
ium, and  radium — disintegrate  so  slowly  (radium  being  by  far 
the  most  rapid  of  the  four)  that  it  is  difficult,  and  in  most  cases 
impossible,  to  collect  a  sufficiently  large  amount  of  the  disin- 
tegration products  to  make  an  analysis  of  them  by  chemical 
or  spectroscopic  methods.  The  property  by  which  their  pres- 
ence is  detected  is  their  radio-activity  (for  most  of  the  disin- 
tegration products  are  themselves  radio-active).  It  will  be 
remembered  that  one  of  the  properties  of  radio-active  sub- 
stances is  the  ability  to  discbarge  an  electrified  body  in  its 
neighborhood.  If  a  current  of  air  is  drawn  through  a  tube 
containing  radium  and  passed  into  a  charged  electroscope,  the 
electroscope  is  quickly  discharged.  This  suggests  the  theory 
that  radium  gives  off  a  gaseous  disintegration  product,  itself 
radio-active,  which  is  carried  with  the  air-current  into  the 
electroscope.  Other  tests  confirm  this  theory.  Fortunately 
enough  of  this  "radium  emanation"  can  be  collected  to  make 
a  chemical  examination  possible.  It  is  found  to  be  an  inert 
ga*!  of  tl:i'  argon  group  and  of  high  atomic  weight. 

The  walls  of  a  vessel  in  which  the  radium  emanation  is 
allowed  to  disintegrate  are  found  to  become  radio-active,  and 
it  has  been  ascertained  that  the  product  of  disintegration  of 
the  emanation  is  a  solid,  called  "radium  A,"  which  condense? 
on  the  walls  of  the  vessel  containing  the  emanation,  and  that 
this  radium  A  disintegrates,  forming  another  substance — 
radium  B.  The  four  substances— radium,  the  emanation, 
radium  A,  and  radium  B — possess  distinct  physical  and  chem- 
ical properties.  Three  are  solid,  the  fourth  a  gas.  Radium 
A  and  D  can  be  separated  by  certain  chemical  processes,  but 
cannot  be  collected  in  sufficient  quantities  for  chemical  exami- 
nation.     Three   other   substances,   each   having  its   distinctive 
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chemical  properties,  are  quite  certainly  "disintegration  prod- 
ucts" of  radium.  These  are  designated  as  radium  D,  E,  and  F, 
respectively. 

Most  of  tlie  progress  in  the  analysis  of  the  disinlcgralion 
products  is  due  to  experiments  suggested  by  the  hypotiiesis 
that  each  active  substance  disintegrates  as  a  function  of  [he 
time  according  to  a  simple  law  similar  to  the  one  stated  above 
for  radium.  There  is  a  certain  period  of  time  (2.600  years  in 
the  case  of  radium)  during  which  the  activity  of  a  giviii 
amount  of  the  active  substance  decays  to  half  value.  Where 
the  period  of  decay  to  half  value  amounts  to  only  a  few  hours 
or  minutes,  as  it  does  in  the  case  of  most  of  the  disintegration 
products,  it  is  possible,  by  making  observations  on  the  activit|f 
of  a  product  at  intervals  during  its  decay,  and  plotting  the 
activity  against  the  time,  to  tell  whether  the  active  substance 
under  examination  is  simple  or  not.  In  this  way  it  was  dis- 
covered that  the  active  matter  deposited  after  the  decay  uf 
the  radium  emanation  was  not  a  simple  substance,  but  a  com- 
bination of  two  substances,  which  it  was  afterwards  found 
possible  to  separate  by  chemical  methods. 

According  to  the  foregoing,  eacli  of  the  disintegration  proil- 
ucts  is  characterized  by  its  period  of  decay.  They  are  further 
characterized  by  the  type  of  radiation  given  off.  Some  emit  o 
rays  only,  some  0  and  y  rays  only  (these  two  kinds  of  rays  ne\fer 
occur  separately ) ,  some  emit  a,  0,  and  7  rays,  and  others  seem  to 
be  rayless  changes.  A  table  is  given  on  t!ie  opposite  page  ex- 
hibiting the  results  of  the  analysis  of  the  disintegration  of  tiie 
four  substances  previously  mentioned.  It  is  a  copy  of  the  one 
given  in  the  second  edition  of  Rutherford's  "Radio-activil>'" 
with  the  few  changes  necessary  to  bring  it  up  to  the  date  of 
this  writing.'  m 

It  is  not  possible  to  measure  directly  the  mass  of  the  oplQ 
tide  but  the  ratio  ( -^ )  of  the  charge  to  the  mass  of  the  par- 
ticle can  be  measured.  The  value  of  ,„-  seems  to  be  the  same 
for  a  particles  from  all  of  the  radio-active  substances  and 
their  disintegration  products.'  If  it  is  assumed  that  the  charge 
e  is  the  ionic  charge,  the  mass  of  the  a  particle  is  about  twice 
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that  of  the  hydrogen  atom.  If  it  be  assumed  that  the  charge 
is  twice  the  ionic  charge,  the  mass  of  the  a  particle  must  be 
regarded  as  four  limes  that  of  the  hydrogen  atom.  This  is 
the  mass  of  the  helium  atom,  and  the  presence  of  helium  ir 
minerals  containing  the  radio-active  substances,  together  with 
evidence  of  the  growth  of  helium  in  vessels  containing  radium 
emanation,  suggests  the  hypothesis  that  the  a.  particle  is  an 
atom  of  helium.  There  is  considerable  evidence,  derived  from 
a  study  of  the  relative  amounts  of  uranium  and  radium  found 
in  old  minerals,  that  radium  is  a  disintegration  product  of 
uranium,  with  probably  other  products  intervening.' 

A  remarkable  characteristic  of  these  radio-active  disinte- 
grations is  their  almost  total  independence  of  the  physical  og^ 
chemical  state  of  the  disintegrating  substance.  The  dec^fl 
proceeds  at  the  same  rate  at  the  temperature  of  liquid  air  as 
it  does  at  the  temperature  of  the  Bunsen  flame.  Only  one 
exception  to  this  rule  has  lieen  discovered.  The  rate  of  decay 
of  radium  C  is  somewhat  accelerated  for  temijeratures  between 
630°  and  1300°  centigrade.  Chemical  compounds  of  an  active 
substance  are  active  and  the  degree  of  activity  indicates  that  thfl 
active  substance  is  suffering  transformation,  as  if  it  were  \\ 
an  uncombined  state.  The  various  devices  by  which  ordinary 
chemical  reactions  are  accelerated  or  retarded  fail  to  produce 
any  effect  upon  the  rate  of  decay  of  a  radio-active  substance, 
except  in  the  above-mentioned  case  of  radium  C. 

It  has  been  known  for  some  years  that  the  air  above  the  land 
contains  a  radio-active  substance.  No  observations  for  radio- 
activity seem  to  have  been  made  on  air  collected  in  midocean. 
This  radio-activity  of  the  air  is  due  to  the  presence  in  it  of  the 
emanations  of  radium  and  tliorium.  Air  drawn  from  the  s 
is  always  more  or  less  radio-active,  and  radium  is  widely  c 
tributed  through  the  Earth's  crust. 

The  question  has  been  raised  whether  all  matter  i; 
active  to  a  greater  or  less  extent.    Experiments  have  been  n 
which  seem  to  favor  this  view,  but  it  is  impossible  to  make  s 
that  the  observed  radio-activity  is  not  due  to  the  presence  \ 
the  substance  under  investigation  of  minute  quantities  of  « 
of  the  four  substances  whose  radio-activity  Is  recognized. 
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of  their  decomposition  products.  It  is  a  well-known  fact  tliat 
many  substances  emit  negatively  charged  particles  when  illu- 
minated with  ultra-violet  light,  and  metallic  sodium  does  so 
without  this  stimulus.  However,  this  phenomenon  differs 
essentially  from  that  of  radio-activity,  particularly  in  the 
dependence  of  the  activity  upon  the  excitation  of  the  ultra- 
violet light. 

The  "raylcss"  changes  which  some  of  the  disintegration 
products  of  the  radio-active  elements  are  known  to  undergo 
(e.g.  Th.  A  to  Th.  B)  suggest  the  suspicion  that  ordinary 
matter  may  be  disintegrating  in  such  a  way  that  the  process 
escapes  observation.  The  rayless  changes  of  the  disintegration 
products  are  detectable  only  because  they  are  transition  stages 
between  two  active  products.  Ordinary  matter  may  be  imder- 
going  a  "rayless"  transformation  which  escapes  observation. 
The  products  of  siich  decay  would  be  expected  to  have  physical 
and  chemical  proj^erties  very  different  from  the  parent  sub- 
stance, but  they  would  probably  be  produced  in  such  minute 
quantities  as  to  escape  detection  by  chemical  means.  The 
effectiveness  of  the  a  rays  in  producing  the  phenomena  of 
ionization  and  fiuorescence,  and  in  affecting  the  photographic 
Lalate,  by  means  of  which  their  presence  is  detected,  depends 
^nq>on  the  velocity  of  the  a.  particles,  a  particles  traveling  at  a 
f  velocity  only  slightly  less  than  that  which  characterizes  the 
o-ray  particles  of  active  substances  produce  no  observable 
effect.  The  velocities  with  which  the  o  particles  are  emitted 
is  not  the  same  for  all  active  substances,  but.  on  the  contrary, 
each  active  substance  or  disintegration  product  which  emits 
a  rays,  emits  them  with  a  certain  definite  velocity  characteristic 
of  itself.  It  has  been  suggested  that  the  "rayless"  changes 
are  accompanied  by  the  emission  of  a  particles  at  velocities 
below  the  critical  value,  which  produce  no  observable  effect. 
The  fact  that  the  radio-active  substances  have  the  heaviest 
atomic  weights  of  all  known  chemical  elements  lends  credence 
to  the  idea  that  their  disintegration  may  be  more  violent  than 
that  of  other  substances.  The  suggestion  that  other  substances 
than  those  known  to  be  radio-active  are  undergoing  a  rayless 
disintegration  accompanied  by  the  expulsion  of  a  particles 
seems  therefore  not  an  unreasonable  one. 
Ik     The  age  of  the  Earth  has  been  computed  by  Lord  Kelvin 
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and  others  from  the  rate  at  which  the  temperature 
with  depth  below  the  surface  and  on  the  assumption  that  the 
Earth  was  once  a  molten  mass  which  has  cooled  by  radiation. 
The  age  of  ilie  Sun  has  also  been  computed  on  the  assumption 
that  it  has  contracted  from  a  nebula  of  indefinite  extent,  trans- 
forming the  original  potential  energy  of  its  rarified  state  into 
heat  and  light.  The  earlier  compulations  led  to  a  maximum 
age  for  the  Earth  and  the  Sun  of  something  hke  a  hundred 
million  years,  and  later  computations  based  on  data  of  this 
sort  tend  to  place  the  maximum  ages  at  a  lower  figure.  Geo- 
logical and  biological  evidences  indicate  that  the  Earth  must 
have  had  a  stable  crust  for  several  hundred  million  years. 
A  study  of  the  amount  of  radium  in  the  soil  in  many  localities 
and  of  the  radio-activity  of  the  air  which  penetrates  the  soil 
has  yielded  evidence  of  the  existence  of  an  amount  of  radium 
in  the  Earth's  crust  sufficient  to  account  for  the  temperature 
gradient,  observed  near  the  surface,  by  the  healing  effect  which 
accompanies  its  decay.  It  would  seem,  then,  that  the  method 
of  calculating  the  Earth's  age  from  the  temperature  gradient 
near  the  surface  is  not  capable  of  yielding  reliable  results. 
Computations  based  upon  the  amount  of  helium  found  in  a 
couple  of  old  minerals  gave  four  hundred  million  years  as  the 
age  of  the  minerals. 

The  age  of  the  Sun  depends  also  upon  the  amount  of  enei^ 
available  for  radiation.  If  we  were  certain  that  there  is  no 
considerable  source  of  energy  supply  other  than  the  potential 
energy  of  an  original  diffuse  state,  as  was  formerly  supposed 
to  be  the  case,  it  would  be  easy  to  set  an  upper  limit  to 
period  of  time  during  which  it  can  have  radiated  any 
erable  amount  of  heat  and  light.  If,  however,  the  immenK 
stores  of  energy  suspected  of  existing  in  the  atom  are  available 
as  sources  of  heat  and  light,  it  would  be  impossible  at  present  to 
estimate  the  life  of  the  Sun  either  past  or  future.  The  existence 
in  the  Sun  of  helium,  which  is  supposed  to  be  a  product  of 
decomposition  of  radium,  makes  it  seem  probable  that  radii 
is  present  also. 

The  discovery  of  the  existence  of  electrons  having  a 
only  one  thousandth  as  great  as  the  lightest  known 
and  the  study  of  the  phenomena  of  radio-activity  have 
theories  and  speculations  regarding  the  constitution  of  ma' 
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Many  obser\-ed  facts  indicate  that  there  is  an  intimate  relation 
between  electricity  and  matter.  A  portion  at  least,  and  possibly 
all,  of  the  apparent  mass  of  the  ^  particle  or  electron  is  due 
to  the  charge  of  negative  electricity  which  it  carries.  A  charge 
of  electricity  moving  at  a  high  velocity  (less  than  the  velocity 
of  light,  but  of  the  same  order  of  magnitude)  possesses  inertia 
which  increases  the  apparent  mass  of  the  charged  body. 
Kaufmanx  found  that  the  total  mass  of  the  electron  might 
be  regarded  as  due  to  the  charge  of  electricity.'  In  other 
words,  an  electron  may  be  a  "disembodied"  charge  of  elec- 
tricity- 

The  apparent  decomposition  of  the  atoms  of  radio-active 
substances  and  ejection  of  apparently  identical  o  particles  from 
different  elements  has  tended  to  strengthen  the  feeling  that  has 
been  very  general  among  scientific  men  for  many  years,  that 
the  atoms  are  of  composite  structure,  and  probably  all  built  up 
out  of  some  single  material.  It  has  been  suggested  that  the 
electron  is  the  unit  of  which  the  atoms  are  aggregations,  char- 
acterized by  differences  in  the  number  and  arrangement  or 
motions  of  the  electrons  composing  them. 

One  consequence  of  such  an  electrical  constitution  of  matter 
would  be  a  strong  presumption  in  favor  of  the  instability  of 
the  atom.  Motion  of  the  electrons  within  the  atom  implies 
a  certain  amount  of  acceleration  of  the  charged  particles,  which 
would  result  in  a  radiation  of  energy  and  probably  in  the  final 
disruption  of  the  atom  in  some  way  not  yet  fully  worked  out.' 

Another  consequence  of  the  theory  would  be  to  maife  matter 
appear  as  a  form  of  elcctricitj'.  and  two  substances  formerly 
thought  of  as  entirely  distinct  and  different  would  be  found 
to  be  but  two  phases  of  one  substance. 

The  mass  of  an  electron  depends  upon  the  velocity  with 
which  it  is  moving,  and  any  change  in  its  velocity  produces 
a  corresponding  change  in  its  mass.  If  the  atoms  of  matter 
are  composed  of  moving  electrons,  their  mass  depends  upon 
the  velocity  of  motion  of  these  electrons,  and  will  be  changed 
by  an  increase  or  decrease  of  their  energy  of  motion.  It  is  not 
at  all  unreasonable  to  suppose,  on  the  other  hand,  that  ordinary 
forms  of  energy  may  pass  into  that  form  of  energy  which  con- 
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stitutes  the  mass  of  an  atom  of  matter.  Thus  the  law  ol 
conservation  of  matter  and  the  law  of  the  conservation 
energy  would  be  superseded  by  a  single  law  of  the  consei 
don  of  matter  and  energy,  it  being  recognized  that  matter 
energy  are  but  two  forms  of  one  thing,  just  as  it  is 
recognized  that  heat,  which  was  formerly  supposed  to  I 
substance,  is  in  fact  a  fomi  of  energ\-. 

The    theories   of   cosmogony   which    have    been    genei 
accepted  up  to  the  present  time  recognize  in  the  life  hisi 
of  the  solar  system  only  a  non-periodic  process.    The  eontini 
radiation  of  heat  and  light  by  the  Sun  is  dissipating  its  origii 
limited  store  of  potential  energy,  and  this  supply  of  enei 
cannot  last  at  the  presejit  rate  of  expenditure  for  more  than 
ten  or  twenty  million  years  longer.     At  the  end  of  that  time, 
further  contraction  by  the  force  of  gravity  being  impossible, 
the  Sun  is  expected  to  become  cold  and  dark,  as  the  Mi 
is  at  the  present  day.     Other  suns  are  supposed  to  he  goii 
through  this  same  process  of  energy  dissipation,  so  that 
whole  universe  is  tending  toward  ft  state  of  uniform  distribu- 
tion of  energy  and  consequent  stagnation  of  all  activity.    This 
tendency  would  not  be  changed  by  the  occurrence  of  collisions 
of  celestial  bodies,  though  the  conversion  of  the  kinetic  enei 
of  their  motion  into  potential  energy  capable  of  being  tranfl 
formed  into  heat  and  light  would  prolong  the  process.     I 
if  through  the  occurrence  of  collisions  all  of  the  kinetic 
potential  energy  of  the  universe  were  made  available  as 
and  light,  it  would,  according  to  current  theories,  in  the  coui 
of  time  be  dissipated  and  a  state  of  stagnation  ensue. 

It  is  assumed  also  that  at  the  beginning  of  the  process  mai 
existed  in  a  diffuse  state,  as  in  the  nebulas,  and  that  at  the 
of  the  process  it  will  exist  only  in  a  very  concentrated  stal 
It  is  as  if  the  cosmological  mechanism  were  wound  up  and 
in  motion  to  run  until  it  should  run  down  by  the  dissipal 
of  energy  and  concentration  of  matter. 

There  is  something  in  the  human  understanding  that  refu! 
to  accept  such  a  theory  as  final,  and  insists  that  there  rai 
be  some  rejuvenating  process  supplementing  the  one  ji 
described  and  making  the  whole  a  periodic  process  repeatii 
itself  indefinitely. 

If  it  shall  appear  that  the  atoms  of  ordinary  matter 
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storehouses  of  such  comparatively  enormous  amounts  of  energy 
as  appear  to  reside  in  the  atoms  of  radio-active  substances,  the 
total  amount  of  all  other  forms  of  energy  in  the  universe  will 
dwindle  into  insignificance  in  comparison  with  the  energy  of 
atoms  of  matter;  and  if  it  shall  also  appear  that  this  energy 
is  capable  of  being  transformed  into  the  radiant  energy  of 
heat  and  light  or  potential  energy,  cosmological  theory  will 
have  to  reckon  mainly  with  the  transfomiation  of  this  atomic 
energy. 

Radio-active  substances  emit  the  a  particles  with  velocities 
of  something  like  ten  thousand  miles  per  second,  which  would 
easily  carry  the  particles  beyond  the  gravitational  control  of 
any  known  mass  or  system  of  masses,  and  amply  suffices  for 
the  scattering  of  matter  which  must  form  a  part  of  any  rejuve- 
nating process  that  is  to  complete  the  cosmological  cycle.  No 
theory  has  been  offered  to  explain  the  process  by  means  of 
which  the  flying  particles  are  recombined  into  atoms  of' 
ordinary  matter.'  That  such  a  transformation  should  occur 
under  the  conditions  of  tremendbus  pressure  and  high  tem- 
perature obtaining  in  the  interior  of  a  sun  would  not  seem 
unreasonable ;  it  may  be,  however,  that  electric  and  magnetic 
forces  have  more  influence  upon  this  trans  foniiation  than 
pressure  and  temperature  have.  A  serious  objection  to  such 
an  hypothesis  would  appear  in  the  very  great  amount  of  energy 
which  would  be  absorbed  in  the  process,  and  for  wliich  the 
potential  energy  of  the  original  diffuse  condition  of  the  mass 
would  be  totally  inadequate. 

It  would  be  useless  to  venture  any  prediction  as  to  the  extent 
to  which  the  study  of  the  phenomena  of  radio-activity  is 
destined  to  modify  current  theories  of  the  physical  and  chem- 
ical sciences.  The  questions  under  investigation  are,  however, 
of  such  vital  importance  to  cosmological  theory  that  this  alone 
is  sufficient  to  command  for  these  researches  the  intense  interest 
followers  of  astronomical  science. 

,iCK  Observatory,  November  12,  1906. 

ttj  of  London,  Vo!.  jj,  p.  «6>,  Ahhehius  conelud«  ihui  clectrani  triveling 
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PLANETARY    PHENOMENA     FOR    JANUARY    AND 
FEBRUARY,   190;. 

By  Malcolm  McNeill. 

fKASKS   OF  THE    MOON.    PACIFIC   TIME. 

Last  Quarler.Jan.  7,   6^47^^.11.  1  Last  Quarter. Feb.  5,   i*<s^f-^- 

NewMoon....  "    13.   9  57    pm.  New  Moon....  ■'    la,   9  43    sd. 

First  Quarter..  "'    ai,  12   42     a.m.  First  Quarter.    "'    19,   8   35    p.m. 

Full  Moon '■   29,    s   45    a.m.  I  FulIMoon...,   "    27,10  33    p.m. 

The  Earth  is  in  periheiion  on  January  ist,  shortly  before 
midnight 

There  wili  be  two  ecUpses  during  Janiia.ry.  The  first  is  a 
tola!  eclipse  of  lite  Sun  Jatiuary  13-I4th,  invisible  in  the  United 
States,  as  it  occurs  during  the  night.  The  path  of  totality 
wholly  confined  to  the  eastern  hemisphere,  extending  from 
point  noilh  of  the  eastern  end  of  the  lllack  Sea  southeai 
and  then  northeast,  ending  In  Siberia.  The  duration  of  totali 
is  short, — less  than  two  and  a  half  minutes  at  the  point  wliq 
it  is  a  maximum.  The  second  is  a  partial  eclipse  of  the  Mm 
in  the  early  morning  of  January  29th.  The  beginning  only 
visible  in  the  eastern  part  of  the  United  States.  The  end  of  ill 
eclipse  occurs  shortly  before  sunrise  in  the  extreme  wesi 
cm  part  of  tlie  country,  and  the  whole  eclipse  may  be  sea 
except  the  penumbral  portion.  The  principal  phases  are  t 
follows,  I^acific  time: — 

Moon  enters  penumbra,  January  29.  2''  46""  .\.m. 

Moon  enters  shadow,  "  "46     a.m. 

Middle  of  the  eclipse,  "         "     5     38     a.m. 

Moon  leaves  shadow,  "         "     7     10     a.m. 

Moon  leaves  penumbra,        "         "     8     30     a.m. 
At  the  time  of  maximum  obscuration  about  seven  tenths  of  tl 
Moon's  diameter  is  eclipsed. 

Mercury  is  a  morning  star  throughout  January,  havil 
passed  greatest  west  elongation  on  December  18th.  It  ris 
•ibout  an  hour  and  a  quarter  before  sunrise  on  January  ist,  ai 
may  be  seen  in  the  eariy  morning  twilight  for  a  few  days,  b 
it  soon  draws  too  near  the  Sun  to  be  seen.  It  passes  supcrt 
conjunction  with  the  Sun  on   Febniarj'  2d  and  becomes  a 
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evening  star,  but  sets  less  than  one  hour  after  sunset  until  the 
last  third  of  the  montli.  At  the  end  of  February  it  has  nearly 
reached  its  greatest  east  elongation,  and  sets  about  an  hour 
and  a  half  after  sunset.  It  may  then  be  easily  seen  in  the 
evening  twilight  on  a  clear  night.  The  elongation  is  not  as 
great  as  the  average  greatest,  as  the  planet  is  in  perihelion  on 
February  27th,  only  two  or  three  days  before  the  time  of 
greatest  elongation.  Mercury  is  in  conjunction  with  Saturn, 
passing  1°  40'  north  of  the  latter  on  the  night  of  February 
20th.  Both  planets  then  set  about  an  hour  after  sunset,  but 
iliey  may  possibly  be  seen  if  the  weather  is  unusually  clear. 
I'cnits  is  a  morning  star,  rising  about  three  hours  before 
sunrise  throughout  January.  The  interval  shortens  to  less  than 
two  hours  and  one  half  by  the  end  of  February.  It  reaches 
Its  greatest  west  elongation  {46°  53')  on  the  evening  of  Feb- 
niary  8th,  and  begins  to  slowly  approach  the  Sun.     It  attains 


;  weeks 
in   full 


and  about 
g  the  two 


;  greatest  brightness  on  January  4th,  and  for 
about  that  time  it  will  be  bright  enough  to  be 
sunlight. 

Mars  rises  at  about  half-past  2  on  January  1 
an  hour  earlier  by  the  end  of  February.  Dur 
months  it  moves  about  34°  eastward  and  8"  southward 
through  Libra  and  Scorpio.  On  January  8th  it  passes  less 
than  1°  north  of  the  third-magnitude  star  a  Libra:,  on  February 
8th  it  passes  south  of  the  third-magnitude  star  ff  Scorpii  at  an 
apparent  distance  of  less  than  half  the  Moon's  diameter,  and 
on  February  iSth  it  passes  about  5°  north  of  the  first- 
magnitude  star  Antares,  aScorpH.  it  is  now  approaching  the 
Earth  quite  rapidly,  the  distance  diminishing  more  than  fifty 
millions  of  miles  during  January  and  February.  Its  brightness 
nearly  doubles  from  January  ist  to  February  28th,  and  at  the 
latter  date  is  .ibout  four  times  as  great  as  it  was  at  its  minimum 
in  the  summer  of  1906.  It  will  be  brighter  than  the  average 
first-magnitude  star  at  the  end  of  February ;  but  even  then  it 
will  be  only  one  ninth  as  bright  as  at  the  coming  opposition 
next  July. 

Jupiter  passed  opposition  with  the  Sun  on  December  28th, 
and  is  therefore  in  fine  position  for  observation,  being  above 
the  horizon  most  of  the  night.  It  sets  a  little  before  5  a.m.  on 
February   ist.  and  a  little  before  3  a.m.  on  February  28th. 
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It  is  in  Gemini,  and  nio\-es  westward  about  6**  with  a  con- 
tinually diminishing  motion  until  Februarj-  25th- 

Saturn  is  in  the  sotithwestem  sky  in  the  evening,  setting 
about  half-past  <)  on  January  ist.  and  only  half  an  hour  after 
sunset  at  the  end  of  February.  It  will  then,  and  for  a  fort- 
night before,  be  too  near  the  Sun  for  a  naked-eye  view.  As 
seen  in  a  telescope,  the  rings  are  closing  up  very  rapidly,  udJ 
they  will  be  out  of  sight  when  Saturn  reappears  after  conjunc 
tion  with  the  Sun. 

Uranus  was  in  conjunction  with  the  Sun  on  December  jotb 
and  became  a  morning  star,  but  remains  too  close  for  naked- 
eye  view  until  late  m  February.  It  ii?  in  the  constellation 
Sagittarius,  and  moves  about  3°  westward  north  of  the  star? 
in  the  handle  end  of  the  "milk-dipper"  group. 

A'epttiuc  is  in  opposition  with  the  Sun  on  January  2d.  ll  i' 
in  Gemini,  east  of  Jupiter,  but  is  far  too  faint  to  be  seen  withoi;! 
a  telescope. 


(FIFTY-THIRD)     .AWARD    OF    THE    DONOHOE 

COMET-MEDAL. 

The  Comet-Medal  of  the  Astronomical  Society  of  the  Pacific 

has  Iwen  awarded  to  W.  R.  Brooks,  astronomer,  Geneva,  Ne* 

York,  for  his  discovery  of  an  imexpectcd  comet  on  January 

26.  1906.  Committee  of  the  Comet-Medal: 

W.  W.  Campbell,        _ 
Chas.  Burckhalter,  J 


San  FHANTisro,  November  ig,  igo6. 


C.  D.  Perrine, 


(FIFTY -FOURTHS     AWARD    OF    THE    DO 

COMET-MEDAL. 
The  Comet-Medal  of  the  Astronomical  Society  of  the  I 
has  been  awarded  to  A.  Koi'tF,  astronomer.  Heidelberg.  ' 
many,  for  his  discovery  of  an  unexpected  comet  on  J 
3,  1906.  Committee  of  the  Comet-Medal: 


I,  November  ig,  1906. 


W.  W.  Campbell. 
Chas.   Burckhalter,] 
C.  D.  Perrine. 


Astronomical  Society  of  the  Pacific. 


30s 


{FIFTY-FIFrH)     AWARD    OF    T?IE     DONOHOE 
COMET-MEDAL. 

The  Coinet-Medal  of  the  Astronomical  Society  of  the  Pacific 
!ias  been  awarded  to  D,  Ross,  astronoiner.  Melbourne,  Au- 
ilralia,  for  his  discovery  of  an  unexpected  comet  on  March 
I?,  1906.  Committee  of  the  Comet-Medal: 


I,  November  19,  190G. 


W,  W.  Campbell, 

CllAS.     BUSCKHALTER, 

C.  D.  Pekkink. 


NOTES    FROM    PACIinC    COAST    OBSER\'ATORiES. 

Orbit  of  the  Spectroscopic  Binabv  a  Akdrombdj-..- 
The  binary  character  of  this  star  was  announced  by  Camp- 
bell in  the  Astrof>hysical  Journal  in  1899.  and  plates  laktn 
later  in  the  same  year  showed  the  period  to  be  20''. 5.  The  fir-! 
eighteen  plates  were  taken  with  the  original  Mills  spectr  > 
graph,  Hy  central,  and  the  other  thirty-eight  with  ibe  t-.- 
mounted  Mills,  4500  central.  Definitive  measurements  seencil 
to  show  a  discrepancy  between  the  series  taken  with  the  lint 
Mills  spectrograph  and  the  plates  taken  with  the  second  Mills, 
and  a  complete  series  was  secured  with  the  new  instnimeni 
in  order  to  determine  the  nature  of  the  disagreement.  Least- 
square  solutions  were  made  of  each  series  by  the  meUiod  of 
Lehmann-Filhes.  and  following  are  the  elements  of  the  orbit 
resulting  from  each  solution  : — 


U  =  20I.538 

20J.546 

1'=  <7°-5"3 

±  0.014 

■7°.52I 

±0.0e» 

r  =  J.D.  2414571.81 

±  0.037 

2416683.46 

±0.39 

.  =  336°.2 

±7.6 

301.0 

±7.6 

K  =  6.48I" 

±0.19 

7.07 

±0.16 

c  — 0.132 

±  0.038 

0.086 

±   0.018 

r=+6.34'" 

±0.13 

7-4.1'™ 

±0.10 

sin»=  l.Sloooo''" 

1.990000 

,kn. 

Probable  enor  qf  sinRle 
observiiTion 

±  0.50'"" 

io.;,-™ 

A  series  of  plates  taken  after  the  lapse  of  a  few  years  woiiW 
no  doubt  establish  or  disprove  the  reality  of  the  change  in 
elements.  Such  a  series  should  be  taken  in  a  single  cycle  a  " 
20^.5  if  possible,  in  order  to  eliminate  the  effects  of  chann 
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flements  and  error  in  i>eriod.  The  discrepancy  of  tlie  Iwo  sets 
of  elements,  if  established,  will  no  donbt  be  found  lo  be  due 
to  a  third  body.  The  variation  in  «  and  f  is  probably  real, 
as  it  ia  five  times  the  probable  error  in  the  fonner  case,  and 
check  plates  taken  along  with  the  star  plates  of  both  series 
-how  no  systematic  difference.  K.  Burns. 

N'ovcmlier  21,  igo6. 

The  Radial  Motions  of  Polaris. 
The  inotions  of  Polaris  in  the  line  of  sight,  as  affected  by 
ils  two  invisible  companions,  have  been  carcfnlly  observed  at 
frequent  intervals  since  the  Mills  spectrograph  established  in 
1899  that  this  star  is  a  triple  system.  The  binary  system,  con- 
sisting of  the  bright  star  and  one  of  the  unseen  companions, 
has  a  well -est  a  Wished  period  of  revolution,  3  days,  23  honrs, 
14  minutes;  but  the  period  of  this  binary  system  and  the 
second  unseen  body  remains  unknown.  Only  an  undetermined 
fraction  of  one  revolution  has  lieen  described  since  the  begin- 
ning of  my  work  on  this  star  in  1896.  The  observed  minimum 
values  of  the  bright  component's  velocities  are  as  follows, 
subject  10  slight  corrections  when  the  final  reductions  are 
made : — 

I* 

^■Two  sets  of  observations,  consisting  of  eight  or  ten  spec- 
^jgrams  each,  seaired  in  1905.  have  not  yet  been  reduced. 
It  appears  from  these  figures  that  the  [)osition  of  minimum 
is  gradually  working  its  way  down  to  that  of  1896.9.  The 
value  —  207''™  furnished  by  the  earliest  observations  is  prob- 
ably near  one  end  of  the  range  of  velocities.  The  cycle  of 
changes  will  not  be  complete  until  the  values  reach  — 20.7'"" 
on  the  down  or  up  curve  described  at  1896.9.  The  period  may 
safely  be  said  to  exceed  ten  years,  and  is  probably  less  than 
twenty  years.  W.  W.  Campbell. 


1806.9 

—  20.7''"'  [>er 

.second. 

99-8 

—  14.2 

1900.6 

-14-6 

01.4 

-16.3 

02.6 

—  16.8 

03.0 

—  17.2 

t>3-7 

-17.8 

04-5 

-18.5 

06.5 

-.9.8 

3o8 
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Seven   New  SrECTHOSCOPic  Binaribs. 
Observations  made  with  the  Mills  spectrograph  in  the  course 
of  the  regular  observing  programme  show  tiiat  the  following 
stars  have  variable  velocities  in  the  line  of  sight. 

1  Gemhwntm  (a  =  $^  58™ .o;  8  =  +  23°  16'). 

The  spectrum  is  type  H.    Measures  of  four  plates  taken  i 

1903,  1905,  and  i<X)6  give  a  total  range  of  about  S*"".    The 

variation  in  its  radial  velocity  was  discovered  by  Mr.  Moosr. 

B.  A,  C.  5890  =  D.  C.  7579  (a-  I7''2i".3;8  =  — 5°0'). 

The  star  is  an  F  typ^  with  broad  lines.  Both  spectra  arc 
visible.  The  ratio  of  their  intensities  is  about  two  to  one, 
although  the  behavior  of  all  lines  is  not  the  same  in  this  rcspcci 
Its  period  is  probably  short.  The  variable  velocity  and  dou- 
bling of  spectrum  were  discovered  by  Mr.  Burns.  From  lib 
observations  of  the  variations  from  coincidence  of  tlie  tnn 
spectra  it  seems  probable  that  the  masses  of  the  two  stars  are 
not  vcrj'  difTerent. 

tSa^ilttr  (a—  19''  42"'.9;  8  —  +  18°  17'). 
The  spectral  type  is  M.     The  observed  range  of  velocities 
is  about   14'™.     Its  binary  character  was  suspected  by  Mr 
Campueli.  in  1901  and  confirmed  by  the  recent  measures. 


i  (a  —  20''  I2».3  ;  8  =  +  47°  24'). 

of  the  H  type.    The  measures  of  four  plate*; 


Its  Spectrum  i' 

(two  taken  in  1905.  and  two  in  1906)  give  a  total  range  "f 
30'™.    The  variable  velocity  was  discovered  by  Mr.  BuRNS. 

t  Cvi'tti  (o  =  20*"  42".i ;  8  =  +  33"  3''''). 
This  is  a  K-type  star.  The  total  variation  in  velocity  from 
seven  plates  (1896-1906)  is  about  7"™.  Its  jieriod  is  probibly 
several  years.  Its  binary  character  was  suspected  by  Mr.  H.  D, 
Curtis  in  1903  and  confirmed  by  the  recent  measures  of  Mr. 
Burns. 

CCyxni  fa  — 21''  8™. 7;  8  =  +  29°  49')- 
This  star  is  of  the  K  type.     Seven  plates  (i896-i9ofi')  (j'^c 
a  total  range  of  7^"-    The  variable  radial  velocity  was  shown 
by  the  measures  of  Messrs.  Stebuins  and  Burns, 
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iCapricorni  (a  =  2i"  lO"-.?;  8  ^  —  17"  15')- 
Th;  spectrum  is  H  type.    The  total  range  in  velocity  for  six 
plates   f  lyoO'iQoO")    is  about  g""".     Its  variable  velocity  was 
siisptcted  by  Mr.  ^^ooBR  from  the  third  plate  and  contirnieiJ 
by  recent  measures.  W.  W.  C.vmpueli.. 

Lick  Obsmvatorv,  November  12,  igofi.  J-  H.  MuoKE, 

\<iTE  ON   Some   SiMrufiCATiONS  in   Tim   Reduction   of 

Stellar  Photoghapus. 
.■\  number  of  accurate  methods  for  the  reduction  of  meas- 
ures of  star  photographs  exist.    Some  of  these  methods  require 
jour  plate -constants  to  be  determined,  whereas  in 
necessary  to  derive  six  constants. 

In  satellite  and  asteroid  work,  where  only  one  or  two  ])lacci 
are  to  be  derived  from  each  plate,  the  labor  of  obtaining  these 
constants  is  relatively  great.  This  consideration,  together 
with  the  rapidly  increasing  number  of  places  which  are  derived 
photographically,  makes  it  desirable  to  simplify  the  proceiics 
as  much  as  possible. 

To  obtain  the  accurate  position  of  a  star  on  a  plate,  four 
constants,  besides  a  knowledge  of  the  refraction,  are  necessary, 
viz. : — 

Scale  value. 

Orientation,  and 

The  right  ascension  and  declination  of  the  center  of  the  plate. 

Values  for  these  constants,  as  near  the  true  ones  as  possible, 
are  usually  assumed  and  corrections  obtained  by  a  least-square 
adjustment  of  the  residuals  derived  from  a  comparison  with 
catalogue  stars. 

If.  instead  of  taking  an  arbitrary  plate-center,  we  lake  the 
center  of  j;ra2-ity  of  our  system  of  comparison-slars,  the  correc- 
tions to  the  center  become  zero,  and  we  have  but  t:eo  unknown 
quantities  to  determine. 

To  obtain  the  rigorously  accurate  center  it  is  only  necessary 
to  apply  the  mean  of  the  proper  curvature  corrections  to  the 
mean  of  the  right  ascensions  and  declinations  of  the  com- 
parison-stars. 

The  adojition  of  the  above  center  shortens  the  solution  for 
tJie  remaining  two  constants  by  reducing  some  of  the  coeffi- 
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cients  to  zero,  A  number  of  simple  checks  can  also  be  intro- 
duced. 

If  the  curvature  corrections  are  derived  from  arguments 
depending  upon  the  intersection  of  the  optical  axis  on  the  platt, 
as  origin,  the  above  treatment  is  rigorous  in  the  sense  in 
which  that  term  is  now  applied  to  the  reduction  of  slcllir 
photographs. 

Lick  Observatory  Bulletin  No.  102  contains  the  necesi;in 
formula;  for  the  reduction  in  the  above  manner. 

These  formula  are  intended  for  the  reduction  of  measures 
over  a  field  2°  or  less  square,  whose  center  lies  between  declina- 
tions of  +  75°  and  —  75°.  In  the  immediate  regions  of  the 
poles  this  method,  which  is  based  on  the  well-known  four- 
constant  method  of  J^coby,  does  not  apply. 

A  full  account  of  the  method  lias  been  prepared,  which. 
together  with  general  tables  of  curvature  corrections,  auxiliar)' 
tables  to  facilitate  the  computation  of  refraction  constants,  etc, 
will  appear  later  as  a  publication  of  the  IJck  Observatorj-. 

Mt.  H.-lMILTON,  Cm...  November  16.  1906.  C.   D.   Perrine. 


Nova    Aquiui:   No.  3. 

Several  photometric  observations  of  Nora  AquUa  have  been 
added  this  year  to  my  series  pubhshed  in  Numbers  104.  105. 
and  106  of  these  Publications.  The  36-inch  refractor  was 
used,  but  it  has  not  been  available  for  the  purpose  on  good 
nights. 

A  preliminary  discussion  of  the  measures  of  the  comparison- 
stars  X,  f,  g,  and  k  leads  to  the  values:  x,  i2".oi :  /.  iy".6y, 
g,  i5™.o;  k.  i5".o.  The  co-ordinates  of  k  referred  to  the  Nofa 
are:   Ao, — 0^.4;  Ah,  —  18". 

The  magnitudes  derived  for  Notu  Aquila-  are  given 
column  "Nova": — 


June  14'!  .95 

12 

.?«■ 

14 

Aug,  18  .77 

8 

dc 

M 

Oct.  19  .67 

3 

de 

15 

1 


An  observation  was  attempted  on  October  23d   in  mooii:^ 
light  and  poor  atmospheric  conditions.     .Ml   the   faint  ■ 
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parison-st.irs  were  measured,  but  the  Nova  was  glimpsed  only 
at  a  single  favorable  nioiiieiit.  ■  Its  magnitude  was  probably 
about  is]A  on  this  date.  Jamks  D.  Mauurill. 

Kov ember,  igo6. 


Comets  g  and  h  igo6. 
Comet  ,;;  was  discovered  by  H.  Thiele,  of  Copenhagen, 
Denmark,  on  the  night  of  November  loth.  The  first  measure 
secured  at  the  Lick  Observatory  was  on  the  following  night, 
November  nth.  M  that  time  the  comet  was  easily  visible  in 
3  3-inch  telescope.  It  has  since  become  somewhat  brighter,  but 
at  no  time  has  it  been  seen  with  the  naked  eye.  At  the  present 
time  it  is  as  near  the  Earth  as  it  ever  will  be,  about  58  million 
miles.  It  will  gradually  leave  us,  and  on  January  20,  1907, 
it  will  be  1.2  times  as  far  from  the  Earth  as  the  latter  is  from 
the  Sun,  and  three  tenths  as  bright  as  at  its  discovery.  The 
following  parabolic  elements  were  computed  by  Dr.  Aitken 
and  the  writer: — 


r  =  1906,  Nov 
".=    8=       33' 

n^S4       54 
'  -  56      27 

log  q  =  0.084400 


21.14697  G.  M 
48".9 

41  -5 


1906.0 


Comet  h  is  a  very  faint  comet,  which  was  discovered  photo- 
graphically by  Mr.  J.  H.  Metcalf,  of  Taunton,  Mass.,  on 
the  night  of  November  14th.  Notice  of  the  discovery  was 
received  at  the  Lick  Observatory  on  November  17th,  and  the 
comet  observed  that  night  in  R.  A.  4''  4™  and  Decl.  south 
3°  i'.5.  The  comet,  on  the  night  of  November  17th,  was  with 
difficulty  visible  in  a  3-inch  telescope,  but  since  that  time  it  has 
not  been  so  bright.  The  comet  is  round,  about  30"  in  diameter, 
and  has  a  stellar  nucleus  of  the  13th  magnitude.  It  is  moving 
slowly,  the  principal  motion  being  toward  the  south.  On 
November  24th  its  approximate  position  was  R.  A.  4''  2™ ;  Dccl. 
south  4°  2i'.  No  orbit  has  been  computed  up  to  this  time.' 
November  2?.  igo6.  E.  A.  Fat.i. 


I 
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A  New  Variable  Star. 

On  the  night  of  September  26,  1906,  in  the  course  of 
survey  for  new  double  stars,  I  examined  the  star  B 
+  5i°-3676  and  found  that  it  was  fainter  than  9.0  magniludf, 
though  marked  7.8  in  the  B.  D.  As  an  examination  of  the 
published  Hsts  of  variable  stars  failed  to  show  this  star,  I  calliJ 
Mr.  Madbrill's  attention  to  it,  and  he  has  secured  the  obseni- 
tions  given  below,  which  prove  beyond  doubt  that  it  is  a 
variable,  almost  certainly  of  long  period.  The  star  is  given 
in  two  star  catalogues,  RadcliflFe  I  (epoch  1846.9)  and  Har- 
vard A.  G.  (epoch  1873.6),  and  is  there  rated  as  7.0  and  7.5 
magnitude  respectively. 

The  star's  position  is: — 

2^b    32"       y.o;     +51°     27'.8     (1855,0) 
23      34       11-55;  +51       42     3i"-3    0900.0) 

R.   G.  AlTKEN, 

Photometer  Observ.\tions  of  B.  D.  +  5i°.3676, 

Photometric  observations  of  the  star  have  been  secured  on 

several  nights,  at  the  suggestion  of  Dr.  Aitken.     On  each 

night  the  suspected  variable  star  was  compared  with  two  stars, 

a  and  b,  with  the  Rumford  '  wedge  photometer. 

To  eliminate  or  check  changes  in  the  artificial  Star  or  in  the 
transparency  of  the  sky.  the  order  of  observation  was  in  each 
case:  vavbv  bvav,  three  or  four  settings  of  the  wedge— 
with  one  or  two  more,  if  discordant — being  made  on  each  star 
in  turn.  The  same  combination  of  shade-glasses  was  used 
night.  The  Moon  happened  to  be  above  the  horizon  durii 
each  observation. 

The  details  of  observation  will  be  given  later  in  a  Lick 
Observatory  Bulletin.  It  seems  sufficient  for  the  present  to 
state  that  the  conditions  were  not  good  in  general  but  that 
concordant  results  were  obtained,  as  shown  in  the  foltowii 
self-explanatory  tables : — 

comparison-stars. 

Blu.  B.  O.  AdoMtd  Mil.  Auiborilir. 

''       +5^    -Z^O  8.88         M«n  of  my  nine 
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OBSERVATIONS. 

m^  D.r. 

01,.r.v^d   MuDltudc. 

Ditc. 

C.  M.  T. 

Sept. 

28 

24'74S2.75 

7-.02 

8».88 

9-.12 

I 

Oct. 

.1 

8;.68 

7  -o? 

8 

81 

9  ."I 

>^ 

.=; 

89.81 

7 

02 

8 

88 

9  .17 

•A 

" 

26 

75>0'59 

7 

01 

8 

89 

9  46 

I 

29 

13.81 

7 

00 

8 

90 

9  .37 

I 

31 

'-,■(■■7 

7 

ot 

8 

89 

9.36 

>^ 

Nov. 

5 

20.78 

6 

95 

8 

95 

9  42 

>^ 

" 

26 

41.7,! 

7 

08 

8 

82 

9  63 

y> 

" 

27 

42.73 

7 

00 

8 

90 

9  -54 

}i 

Note, — r, 
of  a  and  b; 


the  variable,  is  in  effect  compared  with  the  mean 
the  error  of  observation  of  the  constant  stars  is 


\ 


equally  distributed  between  ther 


James  D.  Maddrill. 


Note  on  the  Chile  Earthquake  of  August  i6th. 

The  cable  messages  received  through  the  Department  of 
State  and  directly  from  Dr.  Curtis,  at  Mt.  Hamilton  on 
August  23d  and  24th,  res|>ectively,  brought  the  comforting 
messages  that  the  Mills  Observatory  was  undamaged  and  Dr. 
Curtis  and  family  and  Mr.  Paddock  were  safe.  Dr.  Curtis's 
letter  of  coniinnation,  written  August  17th,  reached  me  on 
October  20th;  no  mails  were  despatched  until  a  fortnight  after 
the  catastrophe,  and  the  letter  was  fifty-one  days  en  route. 

Dr.  Curtis  states  that  "there  were  two  hard  shocks  separated 
by  an  interval  of  a  few  seconds,  the  total  duration  of  the  severe 
motion  being  4"'  50'.  I  started  counting  the  seconds  to  time 
it;  but  changed  to  a  sudden  wish  to  see  the  lamps  put  out, 
and  ended  in  a  rush  for  the  rain-drenched  patio.  The  din 
was  very  great  and  ali  around  could  be  heard  the  shrieks  of 
the  people,  ...  A  corner  of  our  garden-wall  was  down,  the 
rear  (adobe)  wall  of  our  house  was  nearly  all  down,  there  was 
a  five-inch  crack  at  the  ceiling  where  the  side  wall  of  the 
dining-room  had  nearly  gone  down,  and  there  was  fallen 
plaster  and  stucco  everywhere.  Nearly  all  of  Santiago  slept 
out  of  doors  that  night,  in  spite  of  the  rain.  .  .  .  The  after- 
effects of  the  'quake  have  been  remarkably  persistent.  The 
earth  was  literally  in  continuous  movement  for  four  hours 
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after  the  heavy  shock,  during  all  of  which  time  the  lamps 
kept  quivering,  with  only  an  occasional  intermission  of  rarely 
over  thirty  seconds.  Every  once  in  a  while  came  a  heavier 
temblor  that  sent  us  hurrying  to  the  doors.  After  midnight 
[the  great  terremoto  was  at  8:00  p.m.]  there  were  longer 
intervals  when  there  was  no  movement,  but  sharp  shocks  came 
at  2 :  GO  and  4 :  00  a.m.  This  has  kept  up  all  day."  The  total 
number  of  after-shocks  up  to  the  20th  was  over  one  hundred, 
and  they  continued  to  be  numerous  for  many  days  following. 

The  damages  at  the  observatory  were  limited  to  a  little 
broken  glassware  in  the  dark-room,  and  to  the  cracking  of  a 
stone  wall  in  the  outbuilding  used  as  watchman's  and  storage 
quarters.  The  road  up  to  the  observatory  was  filled  in  places 
with  rock-slides,  and  in  other  places  the  road-bed  slipped  down 
the  mountain.  The  instruments,  dome,  and  main  buildings 
were  uninjured. 

I  hope  that  we  may  regard  the  severe  ordeals  through  which 
the  Lick  Observatory  passed  on  April  i8th  and  the  Mills 
Observatory  on  August  i6th  as  entirely  exceptional. 

W.  W.  Campbell. 

Erratum. 

In  No.  108  of  these  Publications,  under  the  figure  opposite 
page  212,  for  "these,"  read  "the  three." 


GENERAL    NOTES. 

of  the  Cen- 
sociation.    it 
ns  made  at 

-O'20 

I'ariatioii  vf  Latitude. — rroin  the  annual  report 
tral    Bureau    of    tlie    International    Geodetic    As 
appears  that  the  number  of  latitude  deterniinati 
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the  various  stations  established  for  the  purpose  of  determining 
the  variation  of  latitude  gives  a  total  for  1905  of  11.477,  dis- 
tributed as  indicated  in  the  first  column  of  the  tabulation  given 
below.    The  total  number  of  observations  made  from  the  time 
the  stations  were  established,  fall  of  1899.  to  the  beginning  of 
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1906  is  75,111,  distributed  as  indicatef!  in  the  second  CoIuiS 
of "'« table.  ,„,  ^^, 

At  Mizusawa i.SlX)  10,033 

Tschardjui   1 ,759  1 1 .044 

Carloforte    2,653  19.651 

Gaithersburg  1409  10,787 

Cincinnati    1,527  9.5'i5 

Ukiah 2,560  14,031 

Provisional  results  for  the  latitude  work  of  1905  have  \. 
published  by  Professor  Alhrecht  in  the  Astronamische  Nad 
richlen  No.  4121,  The  amplitude  of  the  polar  motion  coi 
tinned  to  decrease  during  the  year.  The  motion  of  the  Earth 
north  )Mle.  from  1899.9  to  1906.0,  is  represented  in  the  accor 
panying  figure  taken  from  the  nimiher  of  the  Nachrichti 
mentioned  alx)ve. 

Volume  II  of  the  "Residtate  des  International  en  Breitco 
dienstes"  appeared  recently  under  the  authorship  of  Tl 
Albreciit  and  B.  Wan.\cii.  The  volume  contains  all  of  l! 
observations  made  at  the  six  latitude  stations  during  the  yeai 
1902,  1903.  and  1904,  together  with  the  definitive  results  c 
duccd  from  the  observations.  It  is  hoped  at  no  very  distant  dxl 
to  give  a  more  extended  account  of  the  contents  of  this  voluin 

The  Detroit  Obsen-alor\-. — The  department  of  astronomy 
the  University  of  Michigan  is  being  reorganized  imtler  th 
direction  of  Professor  W.  J.  Hussey,  who  was  elected  to  th 
professorship  of  astronomy  and  directorship  of  the   Delr« 
Observatory  last  year.    The  residence  of  the  Director  has  b« 
enlarged   and   remodeled,   the   observatory   building  change 
somewhat,  and  all  the  instruments  are  being  overhauled  i 
observatory  instrument-shop.     The  Regents  of  the  Univ 
have  also  appropriated  money  for  the  purchase  of  a  36-in( 
reflector,  to  be  used  for  photographic  and  spectroscopic  woi 
The  glass  has  been  orflered  ihrough  the  well-known  opticiai 
J.  A.  Bb.\shil.\r  &  Co,,  and  designs  for  the  mounting  of  tl 
glass  are  being  prepared. 

It  is  sincerely  to  be  hoped  that  the  authorities  of  the  Univi 
sity  of  Michigan  will  succeed  in  so  restoring  and  developii 
the  deparmient  of  astronomy  that  it  may  again  enjoy  the  pn 
tige  gained  under  the  lea_dership  of  BrOnnow  and  Watson. 
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Motions  of  llif  Inner  Planels.— At  the  recent  meeting  of 
the  Astrononiische  Gesellschaft  held  in  Jena,  a  paper  was  pre- 
sented hy  the  president.  Professor  Sef.liger,  in  which  it  was 
shown  that  certain  hitherto  unexplained  irregiUarities  in  the 
motions  of  the  inner  planets  might  be  produced  by  the  pertur- 
bation of  the  cloud  of  minute  particles  existing  within  the  orbit 
of  Mars,  and  to  which  the  zodiacal  light  is  supposed  to  be 
due.  The  following  tabic  was  given,  comparing  the  changes 
in  the  longitudes  of  perihelion,  nodes,  and  inclinations  as 
computed  under  certain  assumptions  regarding  the  distribution 
and  density  of  the  perturbing  swarm  with  those  derived  by 
Professor  Newcohb  from  observation.  The  agreement  is  seen 
to  be  in  every  case  well  within  the  probable  error  of  Professor 
Newcomu's  detennination. 


Mercury 

+  S.49 

+  8.48 

±0.43 

dn 

I'emts 

+  0.05 

—  0.05 

±0.25 

*=  "d"t^ 

Earth 

+  0.09 

+  0.10 

±0.13 

Mars 

+  0.56 

+  0.-5 

=co.35 

.    .  dn 

smi  — 

r  Mercury 

+  0.62 

+  0.61 

±0.52 

Melius 

+  0.60 

+  o.fio 

±0.17 

dt 

[Man 

+  0.21 

+  0.03 

di 

'  Mercury 

+  0.49 

+  0,38 

io.So 

"dt" 

l-c-„s 

+  0.20 

+  0-38 

±  0-33 

•  Mars 

—  0.04 

—  0.01 

±0.20 

I  No  change  in  the  eccentricities  would  result  from  the  as- 
(pnied  perturbations.  Professor  Newcomu's  values  for  the 
^served  changes  were  smaller  than  their  probable  errors. 

N. 

Eros  Comparison-Stars. — In  the  course  of  an  investigation 
of  the  observations  of  stars  of  reference  for  the  Eros  cam- 
paign. Dr.  Fritz  Coiin,  of  Konigsberg  Observatory,  has  found 
evidence  of  a  magnitude  equation  affecting  positions  deter- 
mined photographically.  Photographically  observed  positions 
from  the  observatories  at  Bordeaux.  Catania,  Greenwich,  and 
Toulouse  show  no  evidence  of  magnitude  equation,  but  those 

eobsen-atories  at  Helsingfors,  Northfield,  Paris,  and 
ando  show  a  well-marked  tendency  in  this  direction. 


I 
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The  observations  of  the  Algiers  Obser\'alory  had  been  i 
carded  on  account  of  large  discrepancies  depending  on  niagi]& 
tnde,  but  it  was  supjxised  that  the  other  photographic  positioDj 
were  not  affected  by  this  source  of  error.  Mr.  Cohn  findc 
evidence  that  the  magnitude  equation  depends  upon  the  houi« 
angle  at  which  the  exposures  were  made,  which  further  com* 
plicates  the  situation,  from  the  point  of  view  of  the  ErOt- 
reductions,  and  at  the  same  time  throws  light  on  possiUs 
sources  of  error  to  be  guarded  against  in  stellar  parallax 
investigations  and  other  photographic  determinations  of  posi- 
tion which  call  for  a  high  degree  of  accuracy.  N. 

The  Structure  and  Evolution  of  the  Stars. — Professor  F.  W. 
Dyson,  M.  A.,  F.  R.  S.  (Chair  of  Astronomy),  took  for  the 
subject  of  his  inaugural  address  "The  Recent  Progress  of 
Astronomy."  About  fifty  years  ago  astronomy  seemed  to  have 
come  to  a  standstill.  The  great  investigations  of  the  law  ot. 
gravitation  as  explaining'  the  movements  of  the  planets  were; 
in  the  main  completed.  Observational  astronomy  did  not 
likely  to  make  new  discoveries  commensurate  with  those  ol 
Herschei.. 

The  new  physical  methods  of  spectnuTi  analysis  and  photof' 
raphy  have  now  opened  new  avenues  of  research,  and  the 
lapse  of  time  has  made  evident  movements  of  the  distani 
fixed  stars  which  were  very  imperfectly  known  fifty  years 
ago.  A  brief  resume  was  given  of  four  typical  lines  of. 
modem  research— Mr.  Hill's  Researches  on  the  Theory  of  thtf 
Moon,  the  Variation  of  Latitude.  Solar  Physics,  the  Present 
Problems  of  Sidereal  Astronomy.  Referring  to  the  discovciy 
of  helium  in  the  great  nebula  of  Orioti  by  Dr.  Copel.\nd,  hi* 
predecessor  in  the  Chair  of  Astronomy.  Professor  DvsoN  of 
plained  that  quite  recently  new  importance  had  been  given  toi 
this  discovery.  Helium  was  produced  by  the  disintegration  oEi 
earlier  molecular  forms,  and  the  question  propounded  by  Mil 
Clerke,  "Where  do  the  nebulffi  get  their  helium  from?"  su( 
gested  that  nebula;  were  expelled  from  stars,  and  were  not  ll: 
basis  from  which  stars  were  formed.  Astronomical  researt 
into  the  structure  and  evolution  of  (he  stars  was  of  equ 
interest  with  the  physical  research  into  the  slnicture  and  evolu* 
tion  of  the  atom. — Taken  from  tlie  Scotsman. 
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Minutes  of  the  Meeting  of  the  Board  of  Directors,  Held 

AT  Hearst  Haix.  Berkeley,  November  24, 

igoTt,  at  7:45  P.M. 

President  Leuschneh  presided.     The   following  members  were  duly 
elected  :— 
Swarthmore  College  Library Swarlhmore,  Pa. 

Mr.   R.  J,  Tyson   was  elected  to  life  membership. 

The  Committee  on  Publication  presented  suggestions  advocating  a 
revision  and  changes  in  the  printing  of  the  List  of  Members :  the  Com- 
mittee was  authorized  to  collect  the  necessary  data. 

Adjourned. 

^BMinutes  of  the  Meetino  of  the  Astronomical  Society 
^V       OF  THE  Pacific,  Held  at  Hearst  Hall,  University 
^V  of  California,  Behkeley,  on  November  24, 

H  1906,   AT  8  P.M. 

The  meeting  was  called  to  order  by  President  Leuschneh,  who  intro- 
duced the  lecturer  of  the  evening,  Dr.  T.  J.  J.  See,  of  the  Naval 
Observatory  at  Mare  Island,  Dr.  See  then  read  his  paper  on  "The 
Cause  of  Earthquakes  and  Mountain  Formation."  illustrating  his 
investigations  by  a  number  of  lantern-slides. 

Adjourned. 
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OFFICERS  OF  THS  30C1BTY. 

Mr.  A.  O.  L«DScniiE«  

Mr.  Chas.  S.  CiJiimiii  PirtI   Via 

Mr.  A.   H.   Bakcxic    Sttand   Vic, 

Mr.  W.   W,   Caufieu.  Third  Via 

Hr.  K.  C.   AiTKEK) 

Mr.  F.   R.  ZiEi.       i    

Mr.  F.   R.   Zidt.   , 

Board  ef  Dirtclart—Hewti.  Aitkem,  Ua»cock,  BuscKBAiim.  CAMrMix.  Ciocu 

Cvtamo,  Hau,  Liuschheb,  Richaiid»h,  Sprecieli,  Zjtu 
Financt  Commilltt—Meari.  Cushihc.  Cioc«m,  Hicmauiboh. 
Commitler  on  FiU>licalioH—i/ltaTi,  Aitkin,  Townlet,  Niweiii:. 
Library  CDnmiltrf— Mr.  von  Geldeih,  Mr.  Richaidson,  Mra.  Sci 
Commiiiir    on    Ihi    ComrlMnial ~ Mmta,    Caufiell    {»-oScid 

PE.ltlKE.  __ 

The  ittenLion  of  new  member*  ii  called  to  Article  VIII  of  the  By-Laws.  wliidk,„| 
providM  thai  the  annual  lubjcriplion.  paid  on  elBcIion.  covert  Ihe  calendar  year 
only.  SubtequenI  annual  payments  are  due  on  Jaiinary  i«  of  each  aocceedinf 
calendar  year.  Thla  rule  is  necessary  in  order  la  make  our  bookkeepin*  at  •iniiile 
at  posiibf*.  Ehie*  %tm  by  mail  jhould  be  directed  to  Aaironomical  Socielf  of  ibe 
Pacific.  &o6  Franklin  Street,  San  Franciico. 

It  ii  intended  that  each  member  of  the  Society  (hall  receive  a  cnni  of  earb  out 
of  the  PubUtiiliPHi  for  the  year  in  which  he  »at  elected  to  men 
■II  Bubtequeut  yetrt.     If  there  have  been   (oDfortunUely)   any  «      .       ... 
mailer,  it  is  requMled  that  the  Secretaries  be  at  once  notified,  in  order  that 

of  the  PubliioticHi  of  the  Society  as  tent  to  ihem.     Once  eacfa  year  a  litle-page  «l 

cpntcnis  of  the  preceding  numbers  will  alao  be  Knt  to  Ihe  membcri,  wbo -■-' 

also  be  supplied,  to  memberi  only,  «o  far  as  the  stock  in  haiid  is  nifficien 
memlK"    within  the  United  Staiei  can  obtain  booki  from  Ibe  Society'!  !>.„ 

Frai^in  Street? ^an^Francitca,  wbowill'^etarn  the  book  and  the  card. 

The  Canunillee  on  Publication  deiirei  to  sav  that  the  order  in  whici 
are  primed  in  Ihe  Publitatieui  it  decided  aimply  l>f  convenience.  In  ■  , 
way,  those  napera  are  printed  first  which  are  earliest  accepted  for  publu 
Papers  intended  lo  be  printed  in  ■  given  number  of  the  PubUcalioni  s&onld 
Ibe  handg  of  Ibe  Committee  nnl  later  than  the  aath  of  Ibe  mantb  precedini 
of  DBblication.  It  ii  not  posaible  to  tend  proof  iheeti  of  papers  id  be  print 
authors  whose  roideace  is  not  within  Ihe  tfnited  Sutet.  Tbe  reiponaibilltr  t< 
views  expressed  in  Ibe  paper)  printed,  and  far  Ibe  form  oE  their  eipressur 
with  the  writerl,  and  it  not  aiiumed  by  the  Society  itself. 

The  titles  of  papers  for  readitiR  should  be  communicated  lo  either  of  tl 
rclariei  at  early  ai  poisible.  at  well  as  any  chaniet  In  addreises.     The  S< 
in   San    FranciicD   will   send   10  any   member   of   the   Society   luitible  1UI_.. 
stamped  with  the  teal  of  the  Snciety,  at  cost  price,  as  followt;   a  block  of  li 
paper,  ^o  cenli;  of  note  paper,  it  cenlir  a  pariage  of  envelopes,  is  ™o«. 
prices  mdude  pottage,  and  ihould  be  remitted  by  money-order  or  in  U.  S.  |.. 
stampj-     The  sendiiigs  are  al  the  risk  of  ibc  member. 

Thote  membect  who  propote  to  attend  Ihe  meetings  at  Mount  Hamilton  d—— 
the  summer  should  communicate  with  "The  SecreUry  Aitronom'ical  Saci«I|rl 
the  Pacific."  806  Franklin  Slreel.  San  Francisco,  in  order  that  t -* 
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Adams,  Walteh  S.  (with  G.  E.  Hale  and  H,  G.  Gale).  On  the 
Cause  of  the  Characteristic  Phenomena  of  Sun-Spot  Spectra, 
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Bailey.  S,  I.,  Double  Variable  Stars 

Berkeley  Asiroiinmical  Deparimcnt,  N'oica  from  ihe     .    .    .    .    . 

Binaries.  Three  New  Rapid,  by  R.  G.  AitREn . 

BiATK,  G.  B.    'Willi  FkANK  SrMi.tatNGEK),  Note  on  Anomnluut 
Retraction 
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Cro=slcy  Reflector  Photograpb?  of  Ems,  144;  The  Death  of 
Professor  Lanclev.  144:  First  Catalogue  of  Spectroscopic 
Binaries  (with  H.  D.  Cvstis).  62;  Seven  New  Spectroscopic 
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Earthquake  of  April  t8,  1906.  213;  On  the  Chile  Earthquake 
of  .\ugust  16,  1906,  313;  Personal  Notes,  228;  The  Radial 
Motions  of  Polaris.  307;  Report  of  the  Lick  Observatory, 
1905,  148;  Two  Stars  Whose  Vel-Kities  are  Variable  (with 
J.   H.   Moore) 

Castor.  The   System  of.  by  H.   D.  Ccbtis 

Cbamberlin  Observatory,  Report  of,  1905,  by  H.  A.  Howe     .     . 

Cbasipheux.   a.  J.   (with   R.   T.   Ckawfokd).  Elemenis  of  Comet 
(■  igr*  (KopFiJ)     .    , , 

Color  of  the  Shadows  of  Jufiler's  Satellites    Projected   on   the 
Diskof  the  Planet,  by  C.  D.  Persine 
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Comet  ?iQo6  (Kopff),  271;  Orbit  tif  the  Seventh  Satellite 
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